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@ Sustained-release preparation of anti-endothelin substance. 

@ A sustained-release preparation containing an anti-endothelin substance and a biodegradable 
polymer. 

The sustained-release preparation of the present invention sustainedly releases an anti-endothelin 
substance, serving well in the treatment of endothel in-associated diseases. 
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FIELD OF THE INVENTION 

The present invention relates to a sustained-release preparation of an anti-endothelin substance, such as 
an endothelin antagonist, used to treat endothelln-associated diseases, particularly chronic diseases, such 
5 as chronic complications in diabetes mellitus. 

BACKGROUND OF THE INVENTION 

Showing various potent physiological actions, peptides have been applied as pharmaceuticals in numer- 

10 ous attempts. Their biological half-life, however, is usually very short; for a sustained pharmacologic effect, 
peptides must be frequently administered, resulting in severe suffering by the patient. Endothelin, a peptide 
secreted by the vascular endothelium, shows vascular smooth muscle constricting action, both potent and sus- 
tainable. Endothelin is therefore important both physiologically and pathologically. Also, there have been re- 
ports of the development of peptide-based endothelin antagonists, with the strong expectation that anti- 

15 endothelin substances such as endothelin receptor antagonists will contribute to the treatment of various dis- 
eases associated with endothelin. For the reasons described above, however, the application of such peptide- 
based antagonists as pharmaceuticals has been limited. Also, in therapeutic application of conventional en- 
dothelin antagonists, there have been attempts to prevent the onset and progress of pathologic states by an- 
tagonizing endothelin-associated reactions in acute diseases such as attacks and shocks of acute myocardial 

20 infarction. Although application to the treatment of hypertension, cardiac/cerebral circulatory diseases, renal 
diseases and other diseases has been suggested, there is no specific exemplification. Nor has there been 
any finding that administration of endothelin antagonists is effective in preventing the onset and progress of 
endothelin-associated pathologic states in chronic diseases such as diabetic nephropathy. 

Various sustained-release preparations are known, including the release rate controlling system based on 

25 a polymeric matrix containing a polypeptide dispersed in a poly(lactide-glycolide) copolymer, described in Jap- 
anese Patent Unexamined Publication No.2930/1988 (EP-A-251476). 

Japanese Patent Examined Publication No. 40329/1992 (Japanese Patent Unexamined Publication No. 
118512/1982, EP-A-52510) discloses a composition comprising a biodegrable poly(lactide-glycolide) copoly- 
merwhich is biologically compatible with luteinizing hormone-releasing hormone (LH-RH) or an analog thereof, 

30 a water-soluble polypeptide, and which is capable of sustained release of an effective amount of the polypep- 
tide over a period of at least 1 month. 

Japanese Patent Unexamined Publication No. 124814/1990 (EP-A-350246) discloses an art in which a 
water-soluble drug is effectively packed in microcapsules by adding drug retaining substance comprising an 
organic basic substance such as a basic amino acid and using a wall made of polymer, and excessive drug 

35 release just after administration is suppressed. 

There is no sustained-release preparation which comprises a combination of an anti-endothelin substance 
and a biodegradable polymer and which is capable of effective sustained release of the anti-endothelin sub- 
stance at an almost constant rate. 

Against the above background there is a need for an excellent sustained-release preparation for the treat- 

40 ment of chronic diseases caused by endothelin. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided: 
45 (1) a sustained-release preparation which comprises an anti-endothelin substance and a biodegradable 

polymer, 

(2) the sustained-release preparation according to (1) above, wherein the anti-endothelin substance is an 
endothelin antagonist, 

(3) the sustained-release preparation according to (2) above, wherein the endothelin antagonist is a pep- 
so tide, 

(4) the sustained-release preparation according to (2) above, wherein the endothelin antagonist is a pep- 
tide of the general formula: 

L A-X-Y-B-C-E -J [I] 

55 

wherein X and Y independently represent an a-amino acid residue; A represents a D-acidic-a-amino acid 
residue; B represents a neutral-a-amino acid residue; C represents an L-a-amino acid residue; E repre- 
sents a D-a-amino acid residue having an aromatic cyclic group, or an ester thereof, or a salt thereof, 



2 



EP 0 647 449 A1 



(5) the sustained-release preparation according to (4) alx>ve, wherein the peptide is a compound of the 
formula cyclo[-D-Asp-Asp(R1 ')-Asp-D-Thg(2)-Leu-D-Trp-] wherein Asp represents aspartic acid; Asp(R1 ') 
represents aspartic acid p-4-phenylpiperazinamide; and Thg(2) represents 2-thienylglycine; Leu repre- 
sents leucine; Trp represents tryptophan, 
5 (6) the sustained-release preparation according to (4) above, wherein A is a D-acidic-a-amino acid residue 

which is esterif ied with an alkyi group, 

(7) the sustained-release preparation according to (4) above, wherein Y is a L-acidic-a-amino acid residue, 

(8) the sustained-release preparation according to (4) above, wherein Y is a L-acidic-a-amino acid residue 
which is esterif ied with an alkyI group, 

10 (9) the sustained-release preparation according to (4) above, wherein the peptide is a compound of the 

formula, cyclo-[-D-Asp(OC2H5)-Asp(R1')-Asp(OC2H5)-D-Thg(2)-Leu-D-Trp-], wherein Asp represents as- 
partic acid; Asp(R1') represents aspartic acid p-4-phenylpiperazinamide, Thg(2) represents 2-thienylgly- 
cine; Leu represents leucine; and Trp represents tryptophan, 

(10) the sustained-release preparation according to (4) above, wherein the salt is a polyvalent metal salt, 
15 (1 1 ) the sustained-release preparation according to (1 0) above, wherein the polyvalent metal salt is a zinc 

salt, 

(12) the sustained-release preparation according to (1) above, wherein the biodegradable polymer is an 
aliphatic polyester, 

(13) the sustained-release preparation according to (12) above, wherein the aliphatic polyester is a copo- 
20 lymer of glycol ic acid and lactic acid, 

(14) the sustained-release preparation according to (13) above, wherein the copolymer has a weight- 
average molecular weight of about 2,000 to 50,000, as determined by Gel Permeation Chromatography, 

(15) the sustained-release preparation according to (13) above, wherein the copolymer has a dispersity 
of about 0.2 to 4.0, 

25 (16) the sustained-release preparation according to (1) above, which further comprises an organic basic 

substance, 

(17) the sustained-release preparation according to (1) above, which further comprises a water-soluble 
polyvalent metal salt, 

(1 8) the sustained-release preparation according to (1) above for treatment of diseases caused by endo- 
30 thelin, 

(1 9) the sustained-release preparation according to (1 8) above, wherein the diseases are chronic diseases, 

(20) the sustained-release preparation according to (19) above, wherein the chronic diseases are chronic 
complications in diabetes mellitus, 

(21) the sustained-release preparation according to (20) above, wherein the chronic complications are dia- 
35 betic nephropathy, 

(22) an injectable preparation which comprises the sustained-release preparation according to (1) above. 

(23) a peptide of the general formula: 

^ L A^X-Y-B-C-E J [H] 

wherein X and Y independently represent an a-amino acid residue; A' represents a D-acidic-a-amino acid 
residue which is esterif ied with an alkyI group; B represents a neutral-a-amino acid residue; C represents 
45 an L-a-amino acid residue; E represents a D-a-amino acid residue having an aromatic cyclic group, or a 

salt thereof, 

(24) the peptide according to (23) above, wherein X is an L-isomer, 

(25) the peptide according to (23) above, wherein Y is an L-isomer, 

(26) the peptide according to (23) above, wherein A' is D-glutamic acid or D-asparticacid which is esterif ied 

50 with an alkyi group, 

(27) the peptide according to (23) above, wherein B is an D-isomer, 

(28) the peptide according to (23) above, wherein B is selected from the group consisting of D-leucine, D- 
alloisoleucine, D-tertiary leucine, D-gamma methyl leucine, D-phenylglycine, D-2-thienylglycine, D-3-thie- 
nylglycine, D-2-cyclopentylglycine, D-phenylalanine, D-2-thienylalanine, D-valine, D-2-furylglycineand D- 

55 3-furylglycine residues, 

(29) the peptide according to (23) above, wherein C is selected from the group consisting of L-leucine, L- 
phenylalanine and L-tryptophan residues, 

(30) the peptide according to (23) above, wherein E is selected from the group consisting of D-tryptophan 
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or derivatives tliereof, D-1-naphthylalanine, D-2-naphthylalanine, D-benzothienylalanine, D-4-bispheny- 
lalanine and D-pentamethyl phenylalanine residues, 

(31) tlie peptide according to (23) above, wherein Y is an a-annino acid residue having a carboxyl group 
which is esterif ied with an alkyi group, 
5 (32) a peptide according to the formula: cyclo-[-D-Asp(OC2H5)-Asp(R1')-Asp(OC2H5)-D-Thg(2)-Leu-D- 

Trp-], wherein Asp represents aspartic acid; Asp(R1') represents aspartic acid p-4-phenylpiperazinamide; 
Thg(2) represents 2-thienylglycine; Leu represents leucine; and Trp represents tryptophan, or a salt there- 
of, and 

(33) a zinc salt of a peptid e represen ted by the general formula: 

10 I 1 

L A-X-Y-B-C-E -J [I] 

wherein X and Y independently represent an a-amino acid residue; A represents a D-acidic-a-amino acid 
residue; B represents a neutral-a-amino acid residue; C represents an L-a-amino acid residue; E repre- 

15 sents a D-a-amino acid residue having an aromatic cyclic group. 

As the pathologic state of diabetics is better managed as a result of advances in medicine and pharma- 
cology, the life span of diabetics is increasing also. The extended period of the diabetic condition, however, 
has raised the problem of chronic complications, especially vascular disorders. Vascular disorders are known 
to cause various organ disorders because the former occur in coronary arteries, cerebral arteries and micro- 

20 vessels such as those in the retina and renal glomeruli. An example of a chronic complication in diabetes mel- 
litus is nephropathy. Although many factors have been suggested as being involved in the onset of diabetic 
nephropathy, mesanglal thickening and mesanglal cell proliferation are marked pathologic factors. It has been 
assumed that such mesangial thickening eventually destroys glomeruli, causing terminal renal failure. Endo- 
thelin, secreted from vascular endothelial cells, is known to be released in large amounts from damaged ves- 

25 sels. Based on the fact that in mesangial cells endothelin stimulates various reactions associated with cell pro- 
liferation, such as thymidine uptake, Na^/H^ exchange and c-fos expression, the possibility is suggested that 
chronic exposure to excess endothelin can be the initial stimulation to cause mesangial cell proliferation, sug- 
gesting the involvement of endothelin in diabetic nephropathy. In complications other than nephropathy (e.g., 
diabetic cardiomyopathy and diabetic retinopathy) as well, endothelin resulting from vascular disorders may 

30 be involved in the chronic fixation of the pathologic state. Also, since arteriosclerosis and hyperlipidemia are 
often seen in diabetes mellltus, with some disorder of endothelial cells, involvement of endothelin In these path- 
ologic states is suspected. There are other endothelin-assoclated diseases, particularly chronic ones, whose 
onset and progress can be prevented by applying the therapy of the present invention for sustained retention 
of an anti-endothelin substance in the living body. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

Where amino acids are expressed by abbreviations, the abbreviations recommended by lUPAC-lUB Com- 
mission on Biochemical Nomenclature (European Journal of Biochemistry 138 , 9-37, 1984) or the abbrevia- 
40 tions in common usage in the art are used. Where optical isomers exist for any compound, the L-isomer is 
meant unless otherwise indicated. 

In the present invention, the anti-endothelin substance is exemplified by antibodies against endothelin, 
antibodies against endothelin receptors, high molecular substances represented by soluble endothelin recep- 
tors, endothelin antagonists obtained by chemical synthesis or fermentation, and substances which inhibit en- 
45 dothelin production (endothelin converting enzyme inhibitors). 

The anti-endothelin substance in the present invention inhibits the binding of endothelin to its receptors. 
For example, the anti-endothelin substance inhibits the binding of endothelin- 1 to a membrane fraction pre- 
pared from a homogenate of swine aortic smooth muscle. It Is reported that there are at least two subtypes 
of endothelin receptors, referred to as ET-Aand ET-B, respectively. The anti-endothelin substance in the pres- 
50 ent invention antagonizes one or both of these two receptors. 

The anti-endothelin substance in the present invention inhibits vascular or muscular contraction induced 
by endothelin-1 administration in spiral specimens of swine coronary artery with the endothelial cells removed, 
specimens of the excised guinea pig tracheal muscle or specimens of the excised swine cerebral basal artery, 
antagonizes the increase in perfusion pressure by endothelin in excised rat hearts, and improves mortality in 
55 mice receiving endotoxin. 

The anti-endothelin substance in the present invention may be water soluble or oil soluble. The degree of 
water solubility In the present Invention Is preferably octanol/water ratios of not higher than 0.1. The degree 
of oil solubility in the present invention is preferably octand/water ratk>s of over 0.1. Also, the anti-endothelin 
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substance may be soluble in polar solvents such as acetonitrile, dichloromethane and chloroform at not less 
than 10 mg/ml and not more than 100 mg/ml. It may also be almost insoluble in acetonitrile, dichloromethane 
and chloroform. 

In the present invention, the anti-endothelin substance is preferably an endothelin antagonist, as exem- 
5 plif ied by non-peptlde compounds, peptides and derivatives thereof obtained by chemical synthesis orfermen- 
tation, peptides and derivatives thereof. Here, the peptide may be a chain or cyclic peptide or a cyclic and chain 
peptide. 

Examples of non-peptide compounds include the non-peptides described in European Patent Publication 
Nos. 510526 and 526708 and WO93/08799. 
10 (1) EPA-510526 

A compound represented by the formula 



15 




20 wherein 

R^: a hydrogen atom, lower-alkyi group, lower-alkoxy group, lower-alkylthio group, a halogen atom or 
trifluoromethyl; 

R^: a hydrogen atom, a halogen atom, lower-alkoxy group, hydroxy-lower-alkoxy group, or trifluorome- 
thyl; 

25 R3: a hydrogen atom, hydroxy group, a halogen atom, alkylthio group, cycloalkyi group, hydroxy-lower- 

alkyl group, hydroxy-lower-alkoxy group, hydroximino-lower-alkyi lower-alkenyl group, oxo-lower-alkyi group, 
trifluoromethyl, trifluoromethoxy, lower-alkoxy group, lower-alkoxy-lower-alkoxy group, aryl-lower-alkoxy 
group; 

R2 and R^: together to form butadienyl; 
30 R\ a hydrogen atom, lower-alkyi group, aryl group or heteroaryl group; 

R^: a hydrogen atom, lower-alkanoyi group, benzoyl, hetrocyclylcarbonyl group, or tetrahydropyran-2- 

yi; 

R6 is represented by the formula (a) or (b) 



40 




P7: a hydrogen atom, lower-alkoxy group or nitro, and R^ represents a hydrogen atom, a halogen atom, 
lower-alkyi group, lower-alkoxy group, lower-alkylthk> group, nitro, hydroxy, amino or trifluoromethyl; 
45 R7 and R®: together to form butadienyl; 

R^: a hydrogen atom, a halogen atom, lower-alkyi group, lower-alkoxy group, lower-alkylthio group or 
trifluoromethyl; 

R10: a hydrogen atom, a halogen atom, lower-alkyi group, lower-alkoxy group or lower-alkylthio group; 
X and Y: independently O, S or NH; 
50 n: 2, 3 or 4; or a salt thereof; 

(2) EPA-526708 

A compound represented by the formula 



55 
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■SO2NH 




XCH2(CRV)nYR'' 



wherein 



Ri: a hydrogen atom, lower-alkoxy group, lower-alkylthio group, a halogen atom or trifluoromethyl; 

R2: a hydrogen atom, a halogen atom, lower-alkoxy group, trifluoromethyl or -OCH2COORa; 

R^: a hydrogen atom, a halogen atom, lower-alky! group, lower-alkylthio group, cycloalkyi group, lower- 
alkoxy group or trifluoromethyl 

R2 and R^: together to form butadienyl, methylenedioxy, ethylenedioxy or isopropylldendloxy; 

R4: a hydrogen atom, lower-alkyi group, cycloalkyi group, trifluoromethyl, lower-alkoxy group, lower-al- 
kylthio group, lower-alkylthio-lower-alkyi group, hydroxy-lower-alkyi group, hydroxy-lower-alkoxy group, lower- 
alkoxy-lower-alkyl group, hydroxy-lower-alkoxy-lower-alkyi group, hydroxy-lower-alkoxy-lower-alkoxy group, 
lower-alkylsulfinyl group, lower-alkylsulfonyl group, 2-methoxy-3-hydroxypropoxy, 2- hydroxy-3- phenyl propyl, 
amino-lower-alkyi group, lower-alkylamino-lower-alkyi group, di-lower-alkylamino-lower-alkyi group, amino, 
lower-alkylamino group, di-lower-alkylamino group, arylamino group, aryl group, arylthio group, aryloxy group, 
aryl-lower-alkyi group or heterocyclyl group; 

R^: a hydrogen atom, lower-alkyi group, lower-alkanoyi group, benzoyl, hetrocyclyl-carbonyl group, he- 
trocyclyl-methyl, or tetrahydropyran-2-yl; 

R6~R9; a hydrogen atom, a halogen atom, trifluoromethyl, lower-alkyi group, lower-alkoxy group, lower- 
alkylthio group, hydroxy, hydroxy methyl, cyano, carboxyl, formyl, methyl sulflnyl, methyl sulfonyl, methyl sul- 
fonyloxy, lower-alkoxy carbonyloxy; 

R^: together with R^ or R^ to form butadienyl, methylenedioxy, ethylenedioxy or isopropyliedenedioxy; 

Z: -0-, -S-, ethylene, vinylene, -CO-, -OCHR10- or-SCHRio-; 

Ri^: a hydrogen atom or lower-alkyi group; 

X and Y: independently O, S or NH; 

YR5: lower-alkyi sulfinyl or -OCH2CH(ORc) 
CHzRd; 

R^, R^, and R^: a hydrogen atom or lower-alkyi group; 
Rp and R^: together to form methylene, ethylene or isopropylidene; 
n: 1, 2 or 3; or a salt thereof; 
(3) WO93/08799 

A compound of formula 




wherein: 



Ri is -X(CH2)nAr or -X(CH2)nR8 or 
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R2 is hydrogen, Ar or (c); 

Pi is -XCCHJnRe; 

P2 is -X(CH2)nR8, or-XRgY; 

10 Rgand R5 are independently hydrogen, R^, OH, Ci^alkoxy, S(0)qRii, N(R6)2, Br, F, I, CI, CF3, NHCORg, 

-XR9-Yor-X(CH2)nR8 wherein the methylene groups of -X(CH2)bR8 n^ay be substituted by one or more 
-(CH2)nAr groups; 

R4 is hydrogen, R^, OH, Ci_5 alkoxy, S(0)qRii, N(R6)2, -X(Rii), Br, F, I, CI or NHCORe wherein the 
Ci_5 alkoxy may be substituted by OH, methoxy or halogen; 
Re is independently hydrogen or Ci^ alkyi; 
R7 is independently hydrogen, Ci_6 alkyI or (CH^nAr; 
Rs is hydrogen, R^, CO2H, PO3H2, P(0)(0H)R7 or tetrazole; 

Rg is Ci_io alkyI, C2-10 alkenyl or phenyl all of which may be substituted by one or more OH, N(R6)2, 
COOH, halogen orXCi^alkyl; 

20 

R10 is R3 or R4; 

R11 is Ci_3 alkyI, C2-8 alkenyl, C2-^ alkynyl all of which may be substituted by one or more OH, CH2OH, 
N(R6)2 or halogen; 

Xis (CH2)n, O, NR6orS(0)q; 
25 Y is CH3 or -CH2X(CH2)nAr, 

Ar is 



30 




(a) (b) 

35 

naphthyl, indolyl, pyridyl or thienyl, oxazolidinyl, oxazolyl, thiazolyl, isothiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
Imldazoiyi, Imidazolldlnyl, thiazolldlnyl, isoxazolyl, oxadlazolyl, thiadlazolyl, morphollnyl, piperidinyl, piperazi- 
nyl, pyrrolyl, or pyrimidyl; all of which may be substituted by one or more R3 or R4 groups; 

A is C = O, or [C(R6)2]m; 
^ B is -CH2- or -0-; 

Zi and Z2 are independently hydrogen, Ci^ alkyI, C2_8 alkenyl, C2_8 alkynyl, OH, Ci_8 alkoxy, 
S(0)qCi^ alkyI, N(R6)2, Br, F, I, CI, NHCORe, -X(CH2)nR8. phenyl, benzyl or C3_e cycloalkyi wherein the Ci_8 
alkyI, C2^ alkenyl or C2^ alkynyl may be optionally substituted by COOH, OH, CO(CH2)nCH3, 
CO(CH2)nCH2N(R6)2, or halogen; or Zi and Z2 together may be -O-A-0- on contiguous carbons; 
45 Z3isZi orXRgY; 

q is zero, one or two; 

n is an integer from 0 to six; 

m is 1 , 2 or 3; 

and the dotted line indicates the optional presence of a double bond; or a pharmaceutically acceptable salt 
50 thereof; provided that 

• R2 is not hydrogen when X is S(0)q; 

• when the optional double bond is present there is only one R^o and there is no P^; 

• the compound of Formula I is not (1 RS)-1 , 3-diphenylindene-2-carboxylic acid; (cis, cis)-(1 RS,3SR)- 
1,3-diphenylindane-2-carboxylic acid; (1 RS)-3-[3- Methyl- 1-phenyl-(1H)-lnd-2-en-1-yl] propionic 

55 aicd; or (1 RS)-2[1 ,3-diphenyl-(1 H)-ind-2-en-2-yl]ethanoic acid. 

Examples of chain peptides include the peptides described in Japanese Patent Unexamined Publication 
Nos. 244097/1992, 283600/1992 and WO93/10144. 

(1) Japanese Patent Unexamined Publication No. 244097/1992 
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A peptide of the formula: 

R^ 

S-A -^CON-^^CON-^r'^ 
R'^ R^ 

in which 

Ri is hydrogen or acyl, 

is lower alkyi, optionally substituted ar(lower)alkyl, cyclo(lower)alkyl(lower)alkyl or optbnally substi- 
tuted heterocycllc(lower)all<yl, 

is optionally substituted heterocyclic(lower)alkyl or optionally substituted ar(lower)alkyl, 

R4 is hydrogen or optionally substituted lower alkyi, 

R5 is carboxy, protected carboxy, carboxy(lower)alkyl or protected carboxy(lower)alkyl, 
R6 is hydrogen or optionally substituted lower alkyi, 
R7 is hydrogen or lower alkyi, and 

A is -0-, -NH-, lower alkylimino or lower alkylene, provided that when R^ is (S)-isobutyl, R^ is N-(di- 
chlorobenzyloxycarbonyl)indol-3-ylmethyl, R^ is methyl, R^ is methoxycarbonyl, R^ is hydrogen, R^ 
is hydrogen and A is -NH-, then the partial formula: 

S3 

-CON CON— 
I I 

has the absolute configuration of 

Ri 

--CON-^^CON- 

or a pharmaceutically acceptable salt thereof. 

(2) Japanese Patent Unexamined Publication No. 283600/1992 

A peptide derivative represented by the formula: 

RI-HX1 DX2IX3 

wherein Xi represents leucine, arginine or giutamine residue, X2 represents isoleucine or valine residue, X3 
represents tryptophan, amidotryptophan or D-naphtylalanine residue and R1 represents residual 15 amino 
acids. 

(3) WO93yi0144 

A compound of the formula: 



R-CO-A --"^CO-D-TrpCRVNH -^^CO-R^ 

in which 

R3 is hydrogen or lower alkyi, 
R4 is pyridyl(lower)alkyl; and 

Ri is Ca-Csalkyleneamino, N,N-di(lower)alkylamino, N-loweralkyl-N-arylamino, N-loweralkyl-N-Cs-Cs 

cycloalkylamino, or C5-C10 bycyclic alkyleneamino, 
R2 is lower alkyi, 

Rs is C3-C8 alkyleneamino, N,N-di(lower)alkylamino, morpholino, thiomorpholino, N',N'-di(lower)alkyl- 
hydrazino, morpholinoamino, lower alkyi pipe razinylamino, lower alkoxy(lower)alkylamino, morpho- 
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lino(lower)alkylamino, Cs-CgalkyleneaminoOoweO-alkylamino which may be substituted by oxo, or 
pyridyl(lower)alkylamino, and 
A is lower alkylene; or 

Ri is piperidin-1-yl, lower all<ylpiperidin-1-yl, octahydroazocin-1-yl, indolin-1-yl, 1 ,2,3,4-tetrahydroqui- 
5 nolin-1-yl, N,N-di(lower)alkylamino, N-lower alkyl-N-arylamino, N-lower alkyl-N-Ca-Cg cycloalkyla- 

mino, or C5-C10 bycyclic alkyleneamino, 
R2 Is lower alky I, 

is amino or lower alkylamino, and 
A is lower alkylene; or 

10 Ri is piperidin-1-yl, octahydroazocin-1-yl, N,N-di(lower)alkylamino, or C5-C10 bycyclic alkyleneamino, 

R2 is lower alkyi, 

R^ is amino, lower alkylamino, N,N-di(lower)alkylamino, Ca-Cs alkyleneamino, or morpholino, and 
A is -NH-; or 
R^ hexahydro-1H-azepin-1-yl, 
15 R2 is iso butyl, 

R5 is ethylamino, and 
A is methylene; or 

Ri is N-[1-(dimethylcarbamoyl)-2,2-dimethylpropyl]amino, 
R2 is isobutyl, 
20 R5 is amino, and 

A is -NH-; or 

Ri Is N,N-dl(lower)alkylamlno, 1,2,3,4-tetrahydroquinolln-1-yl, N-lower alkyl-N-arylamino, or N-lower 

alkyl-N-Ca-Cs cycloalkylamino, 
R2 is lower alkyI, 
25 R5 is hydroxy or CO-R® is protected carboxy, and 

A is lower alkylene; or 
Ri is C5-C10 bycyclic alkyleneamino, 
R2 is lower alkyI, 

R5 is hydroxy or CO-R^ is protected carboxy, and 
30 A is lower alkylene or -NH-; or 

Ri Is N-ethyl-N-(1-ethylpropyl)amlno, N-ethyl-N-isopropylamino, N-ethyl-N-neopentylamIno, or N-(1- 

ethylpropyl)-N-propylamino, 
R2 is isobutyl, 

R5 is hydroxy or CO-R^ is protected carboxy, and 
35 A is -NH-; or 

R1 is piperidin-1-yl, 
R2 is isobutyl, 

Rs is hydroxy or CO-RS is protected carboxy, and 
A is methylene; or 
40 Ri is hexahydro-1H-azepin-1-yl, 

R2 is propyl, 

R5 is hydroxy or CO-R^ is protected carboxy, and 

A is -NH-; 
or a pharmaceutically acceptable salt thereof. 
45 Examples of cyclic peptides include the peptides described in Japanese Patent Unexamined Publication 

No. 261198/1992. 

Japanese Patent Unexamined Publication No. 261198/1992 

Acyclic pentapeptide of the formula: 

cycio (-X1-X2-X3-X4-X5-) 

50 wherein X^— X^ represent amino acid residues, respectively, and X^ is D-Phe, D-Tyr, D-Tha, D-Tza, D-Nal, D- 
Bta, D-Trp, D-Trp(O), D-Trp(CHO) or D-Trp((CH2)mCORi , wherein m is from 0 to 6, and Ri is a hydroxyl group, 
a Ci-Ce alkoxy group, an amino group or a Ci-Ce monoalkylamino group, provided that when m=0, R'' is not a 
hydroxyl group; X2 is D-Asp, D-Glu, or D-Cys(03H); X^ is Pro, Hyp, Pip, Thz, p-Ala, Gly, Ala, a-Aba, Alb, Val, 
Nva, Leu, He, alle, NIe, IVIet, Met(O), Met(02), Phe, Tza, Tha, Tyr, Trp, His, Arg, Lys, Lys(CHO), Orn, Orn(O), 

55 Asn, Gin, Asp, Glu, Cys(03H), Cys, Ser or Thr wherein those a-amino acids having a hydrogen atom on the 
a-amino group are optbnally substituted by a Ci-Ce alkyI or C3-C7 cycloalkyi group which optionally has a group 
selected from the group consisting of an imidazolyl group, a carboxyl group, a sulfo group and a hydroxy group; 
X^ is D-Ala, D-Thr, D-a-Aba, D-Val, D-Nva, D-Leu, D-lle, D-alle, D-Nle, D-tert-Leu, D-Cpg, D-Chg, D-Dpg, D- 
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Pen, Aib, AC3C, AC4C, AC5C, AceC, AcyC, D-Phg, D-Thg, D-Fug, D-Tzg or D-ltg wherein those a-amino acids hav- 
ing a hydrogen atom at the a-position are optionally substituted by a C1-C3 alkyi group; is Pro, Pip, Thz, 
His, Ala, a-Aba, Val, Nva, Leu, lie, alle, NIe, Met, Caal, C4al, C^al or Cgal wherein those a-amino acids having 
hydrogen atom on the a-amino group are optionally substituted by a Ci-Ce alkyi group; or a pharmaceuticaliy 
acceptable salt thereof. 

Examples of cyclic and chain peptides-containing compounds include the peptides described in Japanese 
Patent Unexamined Publication No. 288099/1992. 

Japanese Patent Unexamined Publication No. 288099/1992 
A peptide represented by the formula 



wherein Xaai represents Tyr, Phe or Ala, Xaa2 represents Asp or Gly, Xaaa represents Trp or Phe. 

The above-described endothelin antagonists include those produced by microbes, such as cochinmicins, 
a cyclodepsipeptide [The Journal of Antibiotics, Vol. 45, No. 11, 1709-1722 (1992)]. 

Examples of endothelin antagonists which antagonize both receptors ET-Aand ET-B include the cyclic 
peptide (I) described hereinafter which is described in European Patent Publication No. 528312 and Japanese 
Patent Application No. 278722/1993. 

More specifically, the anti-endothelin substance in the present invention is preferably a peptide represent- 
ed by the general formula: 



wherein X and Y independently represent an a-amino acid residue; A represents a D-acidic-a-amino acid re- 
sidue; B represents a neutral-a-amino acid residue; C represents an L-a-amino acid residue; E represents a 
D-a-amino acid residue having an aromatic cyclic group. 

With respect to general formula [I], the parent amino acid for the a-amino acid residue represented by X 
or Y may be any amino acid, as long as it is an a-amino acid. Such amino acids include alanine, arginine, as- 
paragine, aspartic acid, cysteine, glutamine, glutamic acid, 2-aminomaionic acid, 2-aminoadipic acid, glycine, 
histidine, isoleucine, leucine, lysine, ornithine, 2,4-diaminobutyric acid, methionine, phenylalanine, proline, 4- 
hydroxyproline, thioproline, azetidine-2-carboxylicacid, pipecolic acid (piperidine-2-carboxylic acid), indoline- 
2-carboxylic acid, tetrahydroisoquinoline-3-carboxylic acid, serine, threonine, tryptophan, 5-methyltrypto- 
phan, tyrosine, valine, alloisoleucine, norvaline, norleucine, tertiary leucine, gamma methylleucine, phenylgly- 
cine, 2-aminobutyric acid, cysteic acid, homocysteic acid, 1-naphthylalanine, 2-naphthylalanine, 2-thienylgly- 
cine, 3-thienylglycine, 3-benzothienylalanine, 4-biphenylalanine, pentamethylphenylalanine, 1-aminocyclo- 
propane-1-carboxyiic acid, 1-aminocyclobutane-1-carboxyllc acid, 1-aminocyclopentane-1-carboxylic acid, 1- 
aminocyclohexane-1-carboxylic acid and 1-aminocycioheptane-1-carboxylic acid. When these a-amino acids 
have functional groups (e.g., hydroxyl group, thiol group, amino group, imino group and carboxyi group), the 
functional groups may be substituted for by a suitable substituent. 

Hydroxyl groups which are substituted include Ci_6 alkanoyloxy (e.g., formyioxy, acetoxy and propiony- 
loxy), 64^9 alicyclic carbonyloxy (e.g., cyclopentanecarbonyloxy and cyclohexanecarbonyloxy), C7_15 arylcar- 
bonyloxy (e.g., benzoyloxy and 4-methylbenzoxloxy), Cg-ie aralkylcarbonyloxy (e.g., phenylacetoxy, 2-phenyl- 
propionyloxy, 3-phenylpropionyloxy and diphenylacetoxy), aromatic heterocyclicalkylcarbonyloxy (e.g., indol- 
2-ylacetoxy and indol-3-ylacetoxy), Ci_6 alkoxy (e.g., methoxy, ethoxy, n-propoxy and tert-butoxy), C3_8 cy- 
cloalkoxy (e.g., cyclopentoxy and cycle hexyloxy), C6_12 aryloxy (e.g., phenyloxy and 4-methylphenyloxy) and 
C7_15 araikyioxy (e.g., benzyioxy, phenethyioxy and diphenyimethoxy). a-Amino acids in which hydroxyl group 
is substituted include o-acetylserine, o-acetylthreonine, 4-acetoxyproline, o-benzoylserine, o-benzoylthreo- 
nine, 4-benzoyloxyproline, o-phenylacetylserine, o-phenylacetylthreonine, 4-phenylacetoxyproline, o-ethyl- 
serine, o-ethylthreonine, 4-ethoxy proline, o-cyclohexylserine, o-cyclohexyl threonine, 4-cyclohexyloxyproline, 
o-phenylserine, o-phenylthreonine, 4- phenoxy proline, o-benzylserine, o-benzylthreonine, 4-benzyloxyproline, 
o-diphenylmethyiserine, o-diphenylmethylthreonine and 4-diphenylmethoxyproline. 

Thiol groups which are substituted include Ci_6alkanoylthio (e.g., formylthio, acetylthio and propionylthio), 
C^^g alicyclic carbonythio (e.g., cyclopentanecarbonylthioand cyclohexanecarbonylthio), Cy.isarylcarbonylthio 
(e.g., benzoyithio and 4-methylbenzoyithio), Cs-ie araikylcarbonyithio (e.g., phenylacetylthio, 2- phenyl propio- 



Cys-Val-Xaai-Phe-Cys--His-Leu-Xaa2-Ile-Ile-Xaa3 
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nylthio, 3-phenylpropionylthio and diphenylacetylthio), Ci_6 alkylthio (e.g., methylthio, ethylthio, n-propylthio 
and tert-butylthio), C3_8cycloalkylthio (e.g., cyclopentylthio and cyclohexylthio), C6_i2arylthio (e.g., phenylthio 
and4-methylphenylthio) and Cy.is aralkylthio (e.g., benzylthio, phenethylthio and diphenylmethylthio). a-Ami- 
no acids in which thiol group is substituted include S-acetylcysteine, S-benzoylcysteine, S-phenylacetylcys- 
teine, S-ethylcysteine, S-cyclohexylcysteine, S-phenylcysteine and S-benzylcysteine. 

Amino groups which are substituted include Gi_6 alkylamino (e.g., N-methylamino, N-ethylamino and N- 
tert-butylamino), C^^ cycloalkylamino (e.g., N-cyclopentylamino and N-cyclohexylamino ), Cq_^2 arylamino 
(e.g., N-phenylamino and N-{4-methyl phenyl}amino), C7_15 aralkylamino (e.g., N-benzylamino, N-phenethy- 
lamino, N-{2-chlorobenzyl}amino, N-{3-chlorobenzyl}amino, N-{4-chlorobenzyl}amino, N-{2-nnethylben- 
zyl}amino, N-{3-methylbenzyl}amino, N-{4-methyl benzyl }ami no, N-{2-methoxybenzyl}amino, N-{3-methoxy- 
benzyl}amino and N-{4-methoxybenzyl}amino), aromatic heterocyclic-Ci_e alkylamino (e.g., 2-furylmethylami- 
no, 3-furylmethylamino, 2-thienylmethylamino, S-thienylmethyiamino, indol-2-ylmethylamino and indol-3-yl- 
methylamino), and Ci_6 aliphatic acylamido (e.g., formamido, acetamido and propionamido), C4^9 alicyclic acy- 
lamido (e.g., cyclopentanecarboxamido and cyclohexanecarboxamido), C7_15 arylacylamido (e.g., benzamido 
and4-methylbenzamido), Cs-isaralkylacylamido (e.g., phenylacetamido, 2-phenylpropionamido, 3-phenylpro- 
pionamido, diphenylacetamido, 1-naphthylacetamidoand 2-naphthylacetamido), aromatic heterocycliccarbox- 
amido(e.g., indol-2-ylcarboxamido and indol-3-ylcarboxamido), aromatic heterocyclic-alkylcarboxamido(e.g., 
indol-2-ylacetamido and indol-3-ylacetamido), and sulfonylamido (e.g., benzenesulfonylamido, p-toluenesul- 
fonylamidoand4-methoxy-2,3,6-trimethylbenzenesulfonylamido). Substituents in imino or imido groups which 
are substituted are the same as those in each amino or amido groups which are substituted. a-Amino acids 
wherein the amino group is substituted include N-methylglycine (sarcosine), N-ethylglycine, N-methylleu- 
cine, N-ethylleucine, N-methyl phenylalanine, N-ethyl phenylalanine, N(a)-methyltryptophan, N(a)-ethyltrypto- 
phan, N-cyclopentylglycine, N-cyclohexylglycine, N-phenylglycine, N-phenylleucine, N-benzylglycine, N-ben- 
zylleucine, N(7i)-benzylhistidine, N(T)-benzylhistidine, N(n)-phenacylhistidine, N(7c)-benzyloxymethylhistidine, 
N9-benzenesulfonylarginine, N9-p-toluenesulfonylarginine,N9-(4-methoxy-2,3,6-trimethylbenzenesulfonyl)ar- 
ginine, N(s)-benzenesulfonyllysine, N(8)-p-toluenesulfonyllysine, N(s)-(4-methoxy-2,3,6-trimethylbenzenesul- 
fonyl) lysine, N'"-methyltryptophan, N'"-ethyltryptophan, N'"-formyltryptophan, N'"-acetyltryptophan, N(£)- 
benzyllysine, N(s)-(2-furylmethyl)lysine, N(s)-(2-thienylmethyl)lysine, N(8)-(indol-3-ylmethyl)lysine, N(€)-phe- 
nylacetyl)lysine, N(s)-({2-furyl} acetyl)lysine, N(8)-({2-thienyl}acetyl)lysine, N(s)-({indol-3-yl}acetyl)lysine, 
N(fi)-benzoyllysine, N(€)-(3-phenylpropionyl)lysine, N(6)-benzylornithine, N(6)-(2-furylmethyl)ornithine, N(8)- 
(2-thienylmethyl)ornithine, N(6)-(indol-3-ylmethyl)ornith ine, N(6)-benzoylornithine, N(8)-phenylacetylorni- 
thine, N(8)-(3-phenylpropionyl)ornithine, N(6)-({2-methylphenyl}acetyl))ornithine, N(6)-({3-methylphenyl}acet- 
yl)ornithine, N(6)-({4-methylphenyl}acetyl) ornithine, N(5)-({2-chlorophenyl}acetyl)ornithine, N(6)-({3-chloro- 
phenyl}acetyl)ornithine, N(6)-({4-chlorophenyl}acetyl)ornithine, N(5)-({2-methoxyphenyl}acetyl)ornithine, 
N(6)-({3-methoxyphenyl}acetyl)ornithine, N(6)-({4-methoxyphenyl}acetyl)ornithine, N(6)-(4-biphenylace- 
tyl)ornithine, N(y)-benzyl-2,4-diaminobutyric acid, N(y)-(2-furylmethyl)-2,4-diaminobutyric acid, N(y)-(2-thie- 
nylmethyl)-2,4-diaminobutyric acid, N(y)-(indol-3-ylmethyl)-2,4-diaminobutyric acid, N(y)-benzoyl-2,4-diami- 
nobutyric acid, N(y)-phenylacetyl-2,4-diaminobutyric acid, N(y)-(3-phenylpropionyl)-2,4-diaminobutyric acid, 
N(y)-(2-f urylacetyl)-2,4-diaminobutyric acid, N(y)-(2-thienylacetyl)-2,4-diaminobutyric acid and N(y)-({indol-3- 
yl}acetyl)-2,4-diaminobutyric acid. 

Carboxyl groups which are substituted include carbamoyl group (-CONH2) and substituted carbamoyl 
group such as N-Ci_s alkylcarbamoyi (e.g., methylcarbamoyi, ethylcarbamoyi, n-propylcarbamoyi and tert- 
butylcarbamoyl), C3_8 cycloalkylcarbamoyi (e.g., cyclopentylcarbamoyi and cyclohexylcarbamoyi), C6_12 aryl- 
carbamoyl (e.g., phenylcarbamoyi and 4-methylphenylcarbamoyl), C7_15 aralkylcarbamoyi (e.g., benzylcarba- 
moyl, phenetyl and 1 ,2-diphenylethylcarbamoyl), aromatic heterocyclic-Ci_6 alkylcarbamoyi (e.g., 2-{indol-2- 
yl}ethylcarbamoyl and 2-{indol-3-yl}ethylcarbamoyl), piperidinocarbonyl, piperazincarbonyl, N4-Ci_salkylpiper- 
azincarbonyl (e.g., N'^-methy I piperazincarbonyl and N^-ethylpiperazincarbonyl), N'^-Ca^ cycloalkyi piperazin- 
carbonyl (e.g., N^-cyclopentylpiperazincarbonyl and N^-cyclohexylpiperazincarbonyl), N^-S to 7-membered 
heterocyclic piperazincarbonyl (e.g., N'^-pyridylpiperazincarbonyl, NMuryl piperazincarbonyl and N'^-thienyl pi- 
perazincarbonyl), N'*-C6-12 arylpiperazincarbonyl (e.g., N^-phenyl piperazincarbonyl and N4-{4-methylphe- 
nyl}piperazincarbonyl), N^-Cy.^ 5 aralkyi piperazincarbonyl (e.g., N^- benzyl piperazincarbonyl, N'^- phenetyl piper- 
azincarbonyl and N'^-{1,2-diphenylethyl}piperazincarbonyl), N4-{aromatic heterocyclic -Ci_6alkyl}piperazincar- 
bonyl (e.g., N^-[2-{indol-2-yl}ethyl]piperazincarbonyland N'*-[2-{indol-3-yl}ethyl]piperazincarbonyl), N^-Ci_6 ali- 
phatic acyl piperazincarbonyl (e.g., N'^-acetyl piperazincarbonyl and N^-propionylpiperazincarbonyl), N^-C^^g 
alicyclic acyl piperazincarbonyl (e.g., N'^-cyclopentanecarbonylpiperazincarbonyl and N'^-cyclohexane carbo- 
nyl piperazincarbonyl), N*-C7_15 arylacylpiperazincarbonyl (e.g., N^-benzoylpiperazincarbonyl and N4-{4-me- 
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thylbenzoyl}piperazincarbonyl), N^-Cg-is aralkylacylpiperazincarbonyl (e.g., N^-phenylacetylpiperazincarbo- 
nyl, N4-{2-phenylpropion}piperazincarbonyl, N4-{3-phenylpropionyl}piperazincarbonyl, N'^-diphenylacetylpi- 
perazincarbonyl, N^-{1-naphthylacetyl}piperazincarbonyl and N^-{2-naphthylacetyl}piperazincarbonyl), N^- 
{aromatic heterocyclic -carbonyi}piperazincarbonyl (e.g., N4-{indol-2-ylcarbonyl}piperazincarbonyl and N'^-{in- 
dol-3-ylcarbonyl}piperazincarbonyl) and N'^-{aromatic heterocyclicalkylcarbonyl}piperazincarbonyl (e.g., N^- 
{indol-2-ylacetyl}piperazincarbonyl and N'^-{indol-3-ylacetyl}piperazincarbonyl), and Ci_6 alkyloxycarbonyl 
(e.g., methoxycarbonyl, ethoxycarbonyl and n-propoxycarbonyl), cycloalkyloxycarbonyl (e.g., cyclopen- 
tyloxycarbonyl and cyclohexyloxycarbonyl) and C7_i5 aralkyloxycarbonyl (e.g., benzyloxycarbonyl, phenethy- 
loxycarbonyl, 1-phenylethoxycarbonyl and diphenylmethoxycarbonyl). The above substituted carbamoyl 
groups include amides with a-amino acids and amides with oligopeptides (e.g., dipeptide, tripeptide and tet- 
rapeptide). a-amino acids wherein the carboxyl group Is substituted Include N^-methylasparaglne, N'^-phenyl- 
asparagine, N^-benzylasparagine, N'^-phenetylasparagine, N4-(2-{indol-3-yl}ethyl)asparagine, N^-methylglu- 
tamine, N^-phenylglutamine, N^-benzylglutamine, N^-phenetylglutamine, N5-(2-{indol-3-yl}ethyl)glutamine, as- 
partlc acid p-methyl ester, aspartic acid p-cyclopropyl ester, aspartic add p-benzyl ester, aspartic acid p-phe- 
nethyl ester, aspartic acid p-N^-phenylplperazinamide, aspartic acid p-N4-(2-methylphenyl)plperazinamlde, 
aspartic acid p-N4-(3-methylphenyl)plperazlnamide, aspartic acid p-N'^-(4-methylphenyl) piperazlnamide, as- 
partic acid p-N4-(2-methoxyphenyl)piperazlnamide, aspartic acid p-N'^-(3-methoxyphenyl)plperazinamide, as- 
partic acid p-N4-(4-methoxyphenyl)piperazinamlde, aspartic acid p-N4-(2-chlorophenyl) piperazinamide, as- 
partic acid p-N'^-(3-chlorophenyl) piperazlnamide, aspartic acid p-N'^-(4-chlorophenyl)plperazin amide, aspartic 
acid p-NM4-nitrophenyl)piperazinamide, aspartic acid p-N^-(4-fluorophenyl) piperazinamide, aspartic acid p- 
N4-(3-trlfluoromethylphenyl)plperazlnamide, aspartic acid p-N4-(2,3-dimethylphenyl)plperazlnamlde, aspartic 
acid p-N'^-(2-pyridyl)plperazlnamide, aspartic acid p-N4-(2-pyrimidyl)piperazinamide, glutamic acid y-methyl 
ester, glutamic acid y-cyclopropyl ester, glutamic acid y-benzyl ester and glutamic acid y-phenethyl ester. 

With respect to general formula [I], the parent a-amino acid for the a-amino acid residue represented by 
X or Y may be any isomer, whether D, L or DL, with preference given to the L-isomer for both X and Y. 

X preferably represents -Asp(R^)-. -Asp(R^)- is a group of the formula: 



wherein X'' and X^ independently represent a hydrogen atom, Ci_6 alkyi group, C^_q alkoxy group, a halogen 
atom or a nitro group, and X^ and X^ Independently may be combined together to form a ring in 



Examples of Ci_6alkyl group represented by X^ and X^ are methyl, ethyl, n-propyl, iso-propyl, n-butyl, Iso- 
butyl, tert-butyl, n-pentyl and n-hexyl, among which Ci_3 alkyI group such as methyl, ethyl, n-propyl and Iso- 
propyl is preferred. Most preferred is methyl. 

Examples of Ci_6 alkoxy group represented by X'' and X^ are methoxy, ethoxy, n-propoxy, n-butoxy, n-pen- 
tyloxy and n-hexyloxy, among which Ci_3 alkoxy group such as methoxy, ethoxy and n-propoxy Is preferred. 
Most preferred is methoxy or ethoxy. 



CO 



CH2 



-NHCHCO- 



wherein W represents a group represented by the formula: 
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Examples of halogen atom represented by and are fluorine, chlorine, bromine and iodine, among 
which chlorine is preferred. 

Examples of in case and X^ are combined together to form a ring are represented by the formula; 




10 

Examples of ring Q are 4- to 7-membered rings which may contain 1 to 3 hetero atom selected from O, N 
or S (e.g. saturated carbon rings, aromatic carbon rings, saturated heterocyclic rings and aromatic heterocyclic 
rings). 

Ri is preferably represented by the formula; 

15 



20 

wherein X^^ represents a hydrogen atom, Ci_e alkyi group, Ci_6 alkoxy group, a halogen atom or a nitro group. 
Preferred examples of are 




30 -O^ -O-O -O^ -o^ 

CI • NO2 ' OCH2CH3 ' 0CH(CH3)2 

Above mentioned -Asp(Ri)- may be any isomer, whether D, L or DL, with preference given to L-isomer. 

35 With respect to general formula [I], the parent ami no acid for the D-acidic-a-aminoacid residue represented 
by A is exemplified by amino acids having an acidic group such as the carboxyl group, sulfo group or tetrazolyl 
group in the side chain thereof, including D-glutamic acid, D-aspartic acid, D-cysteic acid, D-homocysteic acid, 
D-p-(S-tetrazolyl)alanine and D-2-amino-4-(5-tetrazolyl)butyricacid, with preference given to D-glutamic acid, 
D-aspartic acid and D-cysteic acid. 

40 With respect to general formula [I], the parent amino acid for the neutral-a-amino acid residue represented 

by B is exemplified by a-amino acids such as alan ine, valine, norvaline, leucine, isoleucine, alloisoleucine, nor- 
leucine, tert-leucine,ymethylleucine, phenylglycine, phenylalanine, 1-naphthylalanine,2-naphthylalanine, pro- 
line, 4- hydroxy proline, azetidine-2-carboxylic acid, pipecolic acid (piperidine-2-carboxylic acid), 2-thienylala- 
nine, 2-thienylglycine, 3-thienylglycine, 1-aminocyclopropane-1-carboxylic acid, 1-aminocyclobutane-1-car- 

45 boxylic acid, 1 -am inocyclopentane-1 -carboxyl ic acid, 1-aminocyclohexane-1-carboxylic acid, 1-aminocyclo- 
heptane- 1 -carboxyl ic acid, 2-cyclopentylglycine and 2-cyclohexylglycine. If the neutral-a-amino acid involves 
both the L- and D-configurations, the D-conf iguration is preferred. Greater preference is given to D-leucine, 
D-alloisoleucine, D-tert-leucine, D-y methyl leucine, D-phenylglycine, D-2-thienylalanine, D-2-thienylglycine, 
D-3-thienylglycine and D-2-cyclopentylglycine. The a-amino group of these neutral-a-amino acids may be re- 

50 placed by a Ci_6alkyl group (e.g., methyl, ethyl, n-propyl or tert- butyl). Such a-amino acids include N-methyl- 
leucine, N-methylalloisoleucine, N-methyl tert-leucine, N-methyl y methylleucine and N-methyl phenylglycine, 
preferably of the D-conf iguration. 

B preferably represents -NH-CHR2-C0-, wherein R2 represents Ci_6 a! kyl group, C3_7cycloalkyl group, C3_7 
cycloalkyl-Ci^ alkyI group, Ci_6 alkylthio-Ci_3 alkyI group, C^j cycloalkylthio-Ci_3 alkyI group, Ci_6 alkoxy- 
Ci_3 alkyI group, 03.7 cycloalkoxy-Ci_3 alkyI group, Ci_6 alkylthio group, 03.7 cycloalkylthio group, Ci_6 alkoxy 
group or 03^7 cycloalkoxy group. 

Examples of Ci_6 alkyI group represented by R^ are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
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(1-methyl) propyl, tert-butyl, n-pentyl, (2-methyl) butyl, (3-inethyl) butyl, neopentyl, n-hexyl, (2,2-dimethyl) bu- 
tyl and (3, 3-di methyl) butyl, among which C^^e a'kyl group such as n-butyl, isobutyl, (1-methyl) propyl, tert- 
butyl, n-pentyl, (2-methyl) butyl, (3-methyl) butyl, (2-methyl) butyl, (3-methyl) butyl, neopentyl and n-hexyl is 
preferred. 

Examples of O^^j cycloalkyi group represented by are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
and cycloheptyl, among which C5_7 cycloalkyi group such as cyclopentyl, cyclohexyl and cycloheptyl is prefer- 
red. 

Examples of C3_7 cycloalkyl-Ci_3 alkyi group represented by are cyclopropylmethyl, cyclobutyl methyl, 
cyclobutylethyl, cyclobutylpropyl, cyclopentylmethyl, cyclopentylethyl, cyclopentylpropyl, cyclohexyl methyl, 
cyclohexyl ethyl, cyclohexyl propyl, cycloheptyl methyl and cycloheptylethyl, among which C^j cycloalkyl-me- 
thyl group such as cyclopropylmethyl, cyclobutyl methyl, cyclopentylmethyl, cyclohexyl methyl, cycloheptylme- 
thyl is preferred. 

Examples of Ci_6 alkylthio-Ci_3 alkyI group represented by R2 are methylthiomethyl, methylthioethyl, me- 
thylthiopropyl, ethylthiomethyl, ethylthioethyl, n-propylthiopropyl, iso-propylthiomethyl, n-butylthiomethyl, tert- 
butylthiomethyl, n-butylthioethyl, tert-butylthiopropyl and (1,1 -dimethyl) propylthiomethyl, among which 03.7 
alkylthio-methyl group such as iso-propylthiomethyl, n-butylthiomethyl, tert-butylthiomethyl and (1,1 -dimethyl) 
propylthiomethyl is preferred. 

Examples of 63.7 cycloalkylthlo-Ci^ alkyI group represented by R^ are cyclopropylthlomethyl, cyclopro- 
pylthioethyl, cyclopropylthiopropyl, cyclobutylthiomethyl, cyclobutylthioethyl, cyclobutylthiopropyl, cyclopen- 
tylthiomethyl, cyclopentylthioethyl, cyclohexythiomethyl and cycloheptylthiomethyl, among which O^j cy- 
cloalkylthiomethyl group such as cyclobutylthiomethyl, cyclopentylthiomethyl, cyclohexylthiomethyl and cyclo- 
heptylthiomethyl is preferred. 

Examples of Ci_6 alkoxy-Ci_3 alkyI group represented by R2 are methoxymethyl, methoxyethyl, methoxy- 
propyl, ethoxymethyl, ethoxyethyl, n-propoxymethyl, n -pro poxy ethyl, iso-propoxymethyl, iso-propoxyethyl, n- 
butoxymethyl, n-butoxyethyl, tert-butoxymethyl, tert-butoxyethyl, n-pentyloxymethyl, n-pentyloxyethyl, (1,1- 
dimethyl) propoxymethyl, (1,1 -dimethyl) propoxyethyl, n-hexyloxymethyl and n-hexyloxyethyl, among which 
Ci_6 alkoxy-methyl group such as methoxymethyl, ethoxymethyl, n-propoxymethyl, iso-propoxymethyl, n-bu- 
toxymethyl, tert-butoxymethyl, n-pentyloxymethyl, (1 ,1 -dimethyl) propoxymethyl and n-hexyloxymethyl is pre- 
ferred. More preferred are iso-propoxymethyl, tert-butoxymethyl, (1,1 -dimethyl) propoxymethyl and n-hexylox- 
ymethyl. 

Examples of C3_7 cycloalkoxy-Ci_3 alkyI group represented by R2 are cyclopropoxymethyl, cycle propoxye- 
thyl, cyclobutoxymethyl, cyclobutoxyethyl, cyclopentyloxymethyl, cyclopentyloxyethyl, cyclohexyloxymethyl 
and cycio he ptyloxy methyl, among which 03.7 cycloalkoxy-methyl group such as cyclopropoxymethyl, cyclo- 
butoxymethyl, cyclopentyloxymethyl, cyclohexyloxymethyl and cycloheptyloxymethyl is preferred. 

Examples of Ci_6 alkylthio group represented by R2 are methylthio, ethylthio, n-propylthio, iso-propylthio, 
n-butylthio, tert-butylthio, n-pentylthio, (1,1 -dimethyl) propylthio and n-hexylthio, among which 63.6 alkylthio 
group such as n-propylthio, iso-propylthio, n-butylthio, tert-butylthio, n-pentylthio, (1,1-dimethyl) propylthio 
and n-hexylthio is preferred. 

Examples of C3_7 cycloalkylthio group represented by R2 are cyclopropylthio, cyclobutylthio, cyclopentylth- 
io, cydohexylthio and cycloheptylthio, among which 04.7 cycloalkylthio group such as cyclobutylthio, cyclo- 
pentylthio, cydohexylthio and cycloheptylthio is preferred. 

Examples of Ci_6 alkoxy group represented by R2 are methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, 
tert-butoxy, n-pentyloxy, (1,1-dimethyl) propoxy and n-hexyloxy, among which C3_6 alkoxy group such as n- 
propoxy, iso-propoxy, n-butoxy, tert-butoxy, n-pentyloxy, (1,1-dimethyl) propoxy and n-hexyloxy is preferred. 

Examples of 03.7 cycloalkoxy group represented by R2 are cyclopropoxy, cyclobutoxy, cyclopentyloxy, cy- 
clohexyloxy and cycloheptyloxy, among which C^j cycloalkoxy group such as cydobutoxy, cyclopentyloxy, 
cyclohexyloxy and cycloheptyloxy is preferred. 

R2 is preferably Ci_6 a'kyl group, more preferably alkyI group such as n-butyl, iso-butyl, (1-methyl) 
propyl, tert-butyl, n-pentyl, (2-methyl) butyl, (3-methyl) butyl, neopentyl and n-hexyl, with greater preference 
is given to tert-butyl and neopentyl. 

Above mentioned a-amino acid represented by -NH-CHR^-CO- may be any isomer, whether D, L or DL, 
with preference given to D- isomer. 

With respect to general formula [I], the parent amino acid for the L-a-amino acid residue represented by 
C is exemplified by commonly known L-a-amino acids such as glycine, L-alanine, L-valine, L-norvaline, L-leu- 
cine, L-isoleucine, L-tert-leucine, L-norleucine, L-methionine, L-2-aminobutyric acid, L-serine, L-threonine, L- 
phenylalanine, L-aspartic acid, L-glutamicacid, L-asparagine, L-glutamine, L-lysine, L-tryptophan, L-arginine, 
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L-tyrosine and L-proline, with preference given to L-leucine, L-norleucine and L-tryptophan. The a-amino 
group of these L-a-amino acids may be replaced by a Ci_6allcyl group (e.g., methyl, ethyl, n- propyl or tert- butyl). 
Such L-a-amino acids include L-N-methylleucine, L-N-methylnorleucine and L-N(a)-methyltryptophan. 

With respect to general formula [I], the parent amino acid for the D-a-amino acid residue having an aromatic 
cyclic group represented by E is exemplified by D-a-amino acids having an aromatic cyclic group in the side 
chain thereof. Examples of such amino acids include D-tryptophan, D-5-methyltryptophan, D-phenylalanine, 
D-tyrosine, D-1-naphthylalanine, D-2-naphthylalanine, D-3-benzothienylalanine, D-4-biphenylalanine and D- 
pentamethyl phenylalanine, with preference given to D-tryptophan and D-5-methyltryptophan. D-tryptophan 
is more preferred. The a-amino group of these D-a-amino acids having an aromatic ring may be replaced by 
a Ci_6 alkyi group (e.g., methyl, ethyl, n-propyl or tert-butyl). The amino group of the indole ring of D-tryptophan 
may be replaced by a hydrocarbon group such as a Ci_6alkyl (e.g., methyl, ethyl, n-propyl or tert-butyl), C3_8 
cycloalkyi (e.g., cyclopentyl or cyclohexyl), C6_i2aryl (e.g., phenyl or 4-methyl phenyl) or Cy.isaralkyI (e.g., ben- 
zyl or phenethyl) or by an acyl group such as a Ci_6 aliphatic acyl (e.g., formyl, acetyl or propionyl), C4^9alicyclic 
acyl (e.g., cyclopentanecarbonyl or cyclohexanecarbonyl), Cy.is arylacyl (e.g., benzoyl or 4-methyl benzoyl), 
Ce-16 aralkylacyl (e.g., phenylacetyl, 2-phenylpropionyl, 3-phenylpropionyl or diphenylacetyl) or Ci_6 alkoxy- 
carbonyl (e.g., methoxycarbonyl orethoxycarbonyl). Such a-amino acids include D-N(a)-methyltryptophan, D- 
N-methylphenylalanine, D-N-methyltyrosine, D-N'"-methyltryptophan, D-N'"-ethyltryptophan, D-N'"-formyl- 
tryptophan and D-N'"-acetyltryptophan. D-N'"-methyltryptophan, D-N'"-formyltryptophan and D-N'"-acetyl- 
tryptophan are preferred. 

E preferably represents Trp (N'^-R^), wherein represents a hydrogen atom, Ci_6 alky I group, C^^j cy- 
cloalkyi group, -COR4 (R^ represents a hydrogen atom, Ci_6alkyl group, Ca_i5aryl group or Ce-is aryl-Ci_3 alkyi 
group), -COOR5 (RS represents Ci_e alkyi group, Ce-is aryl group or Ce-is aryl-Ci^ alkyi group) or -CONHR® 
(R6 represents a hydrogen atom, Ci_6 alkyi group, Ce-is aryl group or Ce-is aryl-C^-s alkyi group) and R3 is di- 
rectly combined with N atom of indole group in tryptophan residue. 

Examples of Ci_6 alkyi group represented by R^ are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
(1-methyl) propyl, tert-butyl, n-pentyl, (2-methyl) butyl, (3-methyl) butyl, neopentyl, n-hexyl, (2,2-dimethyl) bu- 
tyl and (3,3-dimethyl) butyl, among which C^^ alkyi group such as methyl, ethyl, n-propyl and iso-propyl is 
preferred. 

Examples of 03.7 cycloalkyi group represented by R^ are cydopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
and cycloheptyl, among which 05.7 cycloalkyi group such as cyclopentyl, cyclohexyl and cycloheptyl is prefer- 
red. 

Examples of Ci_6 alkyi group represented by R^, Rs and R® are methyl, ethyl, n-propyl, iso-propyl, n-butyl, 

iso-butyl, (1-methyl) propyl, tert-butyl, n-pentyl, (2-methyl) butyl, (3-methyl) butyl, neopentyl, n-hexyl, (2,2-di- 
methyl) butyl and (3,3-dimethyl) butyl, among which Ci_3 alkyi group such as methyl, ethyl, n-propyl and iso- 
propyl is preferred. 

Examples of Ce-is aryl group represented by R*, R^ and R® are phenyl, a-naphthyl and p-naphthyl, among 
which phenyl is preferred. 

Examplesof Ce-is aryl- Ci_3 alkyi group represented by R^ R^and R^are benzyl, phenylethyl, phenyl propyl, 
a-naphthylmethyl, a-naphthylethyl, a-naphthyl propyl, p-naphthyl methyl, p-naphthylethyl, p-naphthyl propyl, 
among which Ce-15 aryl-methyl group such as benzyl, a-naphthylmethyl and p-naphthylmethyl, is preferred. 

Specific embodiment of -COR^ is exemplified by formyl, acetyl, propionyl, butyryl, isobutyryl, isovaleryl, 
pivaloyi, n-benzylcarbonyl, benzoyl and phenylacetyl. 

Specific embodiment of -COOR^ is exemplified by methoxycarbonyl, ethoxycarbonyl, phenoxycarbonyl 
and benzyloxycarbonyl. 

Specific embodiment of -CONHR® is exemplified by carbamoyl, methylaminocarbonyl, ethylaminocarbo- 
nyl, n-propylaminocarbonyl, isopropylaminocarbonyl, n-butylaminocarbonyl, iso-butylaminocarbonyl, phenyl- 
aminocarbonyl and benzylaminocarbonyl. 

R3 is preferably a hydrogen atom and -COR^ (R4 represents a hydrogen atom, Ci_e alkyi group, Ce_i5 aryl 
group or Ce-is aryl- C 1-3 alkyi group), with greater preference is given to a hydrogen atom, formyl and acetyl. 

In the hexapeptide represented by general formula [I], or a salt thereof fdlowings are preferred: 

X is an L-isomer; Y is an L-isomer; A is selected from the group consisting of D-glutamic acid, D-aspartic 
acid, D-cysteic acid and D-tetrazolyl alanine residues; B is of the D-conf iguration; B is selected from the group 
consisting of 1-aminocyclopropane-1-carboxylic acid, 1-aminocyclobutane-1-carboxylic acid, 1-aminocyclo- 
pentane-1-carboxylic acid, 1-aminocyclohexane-1-carboxylic acid and 1-aminocycloheptane-1-carboxylic 
acid; B is selected from the group consisting of D-leucine, D-alloisoleucine, D-tert-leucine, D-y methyl leucine, 
D-phenylglycine, D-2-thienylglycine, D-3-thienylglycine, D-2-cyclopentylglycine, D-phenylalanine, D-2-thieny- 
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■alanine, D-valine, D-2-furylglycine and D-3-furylglycine residues; C is selected from the group consisting of 
L-leucine, L-isoleucine, L-valine, L-norleucine and L-a-amino acid residues liaving an aromatic group; E is se- 
lected from the group consisting of D-tryptophan or derivatives thereof, D-1-naphthylalanine, D-2-naphthyla- 
lanine, D-benzothienylalanine, D-4-bisphenylalanine and D-pentamethyl phenylalanine residues; the D-tryp- 

5 tophan derivative is selected from the group consisting of D-N'"-methy tryptophan, D-N'"-formyltryptophan and 
D-N'"-acetyltryptophan residues; More preferred ones are foil owl ngs. A is a D-aspartic acid residue; X Is a tryp- 
tophan, L-(p-4-phenylpiperazinamido)aspartic acid, L-[p-4-(2-methoxyphenyl)piperazinamid]aspartic acid, L- 
N(8)-phenylacetylornithine(8 is a superscript, the same applies below), L-(NMindol-3-yl]acetyl)ornithine, L-(4- 
benzyloxy)proline, L-(N^-benzyl)glutamine or L-(N(S)-[>ndol-3-yl]ethyl)asparagine residue; Y is an L-leucine, L- 

10 aspartic acid or L-O-benzylserine residue; B is a D-leucine, D-y methyl leucine, D-2-thienylglycine or D-3-thie- 
nylglycine residue; C is selected from the group consisting of L-leucine, L-phenylalanine and L-tryptophan re- 
sidues; and E is a D-tryptophan residue. 

The anti-endothelin substance in the present Invention Is preferably the peptide(l) described in European 
Patent Publication No. 528312 and Japanese Patent Application No. 278722/1993. 

15 Most preferably, the antl-endothelin substance is a peptide shown below. 

(1 ) cyclo[-D-Asp-Asp(R1 ')-Asp-D-Thg(2)-Leu-D-Trp-], 

(2) cyclo[-D-Asp(OC2H5)-Asp(R1 ')-Asp(OC2H5)-D-Thg(2)-Leu-D-Trp-] 

(3) cyclo[-D-Asp-Asp(B7)-Asp-DyMeLeu-Leu-D-Trp-] 

wherein Asp represents aspartic acid; Asp(RI') represents aspartic acid (3-4- phenyl pi perazi nam ide; Thg(2) 

20 represents 2-thienylglycine; Leu represents leucine; Trp represents tryptophan; Asp(B7) represents aspartic 
acid p-4-(2-methoxyphenyl)piperazinamide; yMeLeu represents Y-methylleucine. 

The above-described antl-endothelin substance, peptides In particular, may be used in the form of salts, 
preferably pharmacologically acceptable salts. Such salts may be organic or inorganic. Examples of the inor- 
ganic salts include salts with bases such as alkali metals (e.g., sodium and potassium), and polyvalent metals 

25 such as alkaline earth metals (e.g., calcium and magnesium), zinc, copper and aluminium and salts with inor- 
ganic acids (e.g., hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid and phosphoric acid). Ex- 
amples of organic salts Include salts with organic acids such as carboxylic acid (e.g., formic acid, acetic acid, 
trifluoroacetic acid and maleic acid), organic sulfonic acid (methanesulfonic acid, benzenesulfonic acid and 
toluenesulfonic acid) and amino acids (e.g., arginine, aspartic acid and glutamic acid), ammonium salts and 

30 salts with organic bases such as tert-amlne (e.g., trimethylamine, thethylamine, pyridine, picollne, dicydohex- 
ylamine and N-N -dibenzylethylenediamine). When the antl-endothelin substance has an acidic group such as 
carboxyl, sodium salts and salts with arginine are preferred. When the anti-endothelin substance has a basic 
group such as amino, hydrochlorides and acetates are preferred. 

The above-described salts may be in the form of complexes. Examples of the complexes are complexes 

35 with alkali metals (e.g., sodium and potassium) and polyvalent metals such as alkaline earth metals (e.g., cal- 
cium and magnesium), zinc, copper and aluminium. The complexes are preferably complexes with polyvalent 
metals such as alkaline earth metals (e.g., calcium and magnesium), zinc, copper and aluminium, with greater 
preference given to a zinc complex. 

The peptide represented by the general formula: 

40 

L A^X-Y-B-C-E J [II] 

45 wherein A represents a D-acidic-a-amino acid residue which is esterif led with an alkyi group and other symbols 
have the same meanings as defined above, or a salt thereof, among the peptide [I], or ester thereof, or salt 
thereof, is novel. 

In the D-acldlc-a-amIno acid residue which is esterlfled with an alkyI, represented by A, the alkyI group 
are exemplified by methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl and n-hexyl, among 
50 which Ci_3 alkyI group such as methyl, ethyl, n-propyl and iso-propyl is preferred. 

The peptide [II] or salt thereof is produced by subjecting the peptide [I] or salt thereof to a per se known 
esterification with an alkyI group. 

When sustained-release preparations are produced by using the peptide [II] or salt thereof, thus obtained 
sustained-release preparations exhibit both suppression of initial burst of drug and constant release of drug. 
55 The zinc salt of a peptide represented by the general formula [I] is novel. 

The zinc salt of a peptide [I] is produced by mbcing the peptide [I] or a water-soluble salt (e.g.: sodium salt) 
thereof with a water-soluble zinc salt in water. The zinc salt of peptide [I] precipitated is Isolated by centrifu- 
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gation and the like. Thus obtained precipitate is dispersed in distilled water and centrifuged again. These op- 
erations are repeated to give a purified zinc salt of peptide [I]. The purified zinc salt of peptide [I] is subjected 
to drying such as vacuum drying and lyophilizing. The mixing ratio (peptide [l]/water-soluble zinc salt) (mol ra- 
tio) is about 10/1 to 1/10, preferably about 5/1 to 1/5. The concentration of these in water is within solubility of 

5 each and not lower than solubility of a produced complex. The above-mentioned water-soluble zinc salts are 
exemplified by inorganic acid zinc salts such as zinc halogenide (e.g., zinc chloride, zinc bromide, zinc iodide, 
zinc fluoride), zinc sulfate, zinc nitrate and zinc thiocyanate and organic acid zinc salts such as aliphatic car- 
boxy! ic acid zinc salts (e.g., zinc acetate, zinc glycolate, zinc lactate, zinc tartrate) and aromatic acid zinc salts 
(e.g., zinc benzoate, zinc salicylate, zinc phenolsulfate). The water-soluble zinc salts are preferably aliphatic 

10 carboxylic acid zinc salts, with greater preference given to zinc acetate. 

When sustained-release preparations are produced by using the zinc salt of the peptide [I], thus obtained 
sustained-release preparations exhibit both suppression of initial burst of drug and constant release of drug. 
The sustained-release preparations are high in drug content. 

In the present invention, examples of means which can be used for sustained retention of the anti- 

15 endothelin substance in the living body are injectable sustained-release preparations (e.g., microcapsules and 
microspheres) using a biodegradable polymer, and indwellable preparations (shaped as needles, for example). 
Also available are electrically driven pumps or osmotic pressure pumps (Alzet etc.) capable of sustained re- 
lease of a given amount of anti-endothelin substance. Other examples include preparations for non-invasive 
administration at such sites as the skin (percutaneous preparations), mucosa (transnasal preparations, trans- 

20 vaginal preparations etc.) and digestive tract (oral preparations, rectal suppositories etc.). The sustained-re- 
lease preparation mentioned herein may be any preparation, as long as the pharmaceutical action is sustained 
for at least 24 hours after a single administration or an almost constant effective blood concentration lasts for 
at least 24 hours, with preference given to a preparation capable of sustaining the pharmaceutical action or 
an effective blood concentration for at least 72 hours after a single administration. Although an effective blood 

25 concentration may be sustained by increasing the frequency of administration in the case of oral preparations 
of short duratbn of action, increased frequency of administration is inconvenient for the patientand the degree 
of certainty is low. Microcapsular preparations using a biodegradable polymer are preferred because they are 
easy to administer and long in duration of action after administration. The anti-endothelin substance incorpo- 
rated in the microcapsular preparation is preferably an endothelin antagonist. Although the amount of endo- 

30 thelin antagonist added varies depending on the activity thereof, target disease, duration of effect and other 
factors, the endothelin antagonist is used at normally about 0.001 to 50% (w/w), preferably about 0.01 to 30% 
(w/w), and more preferably about 0.1 to 20% (w/w), relative to the base biodegradable polymer. 

Examples of biodegradable polymers include aliphatic polyesters (e.g., polymers, copolymers or mixtures 
thereof produced from one or more of a- hydroxy carboxylic acids such as glycolic acid, lactic acid and hydrox- 

35 ybutyric acid, hydroxydicarboxylic acids such as malic acid, hydroxytricarboxylic acids such as citric acid and 
others), poly-a-cyanoacrylic acid esters, polyamino acids (e.g., poly-y-benzyl-L-glutamic acid) and maleic an- 
hydride copolymers (e.g., styrene-maleic acid copolymers). These may be used as a mixture. Here, the type 
of polymerization may be random, block or graft. 

The biodegradable polymer is preferably an aliphatic polyester (e.g., a polymer, copolymer or mixture there- 

40 of produced from one or more a-hydroxycarboxylic acids as glycolic acid, lactic acid and hydroxy butyric acid, 
hydroxydicarboxylic acids such as malic acid, hydroxytricarboxylic acids such as citric acid, and others). 

Examples of the above-described copolymers include copolymers of glycolic acid and other a-hydroxy 
acids, the a-hydroxy acid being preferably lactic acid, 2-hydroxy butyric acid or the like. Although the a-hydrox- 
ycarboxylic acid may be a D-, L- or D,L-isomer, it is preferable that the ratio of the D-isomer/L-isomer (mol%) 

45 fall within the range from about 75/25 to 25/75. More preferably, the a-hydroxycarboxylic acid is a hydroxycar- 
boxylic acid wherein the ratio of D-isomer/L-isomer (mol%) falls within the range from about 60/40 to 40/60. 

With respect to the copolymer of glycolic acid and 2-hydroxybutyric acid, it is preferable that glycolic acid 
account for about 10tD75 mol%and 2-hydroxybutyric acid account for the remaining portion. More preferably, 
glycolic acid accounts for about 20 to 75 vr\o\%, still more preferably about 30 to 70 mol%. The glycolic acid 

50 copolymer has a weight-average molecular weight of about 2,000 to 50,000, preferably about 3,000 to 40,000, 
more preferably about 8,000 to 25,000. The dispersity of the glycolic acid copolymer (weight-average molecular 
weight/number-average molecular weight) is preferably about 1.2 to 4.0. Greater preference is given to a co- 
polymer wherein the dispersity is about 1 .5 to 3.5. The present glycolic acid copolymer can be produced by a 
known process such as the method described in Japanese Patent Unexamined Publication No. 28521/1986. 

55 It is preferable that the copolymer be produced by catalyst-free dehydration polymerization condensation. 

The above-described glycolic acid copolymer may be used in a mixture with polylactic acid. Although the 
polylactic acid may be a D-isomer, L-isomer or a mixture thereof, it is preferable that the ratio of the D-isomer/L- 
isomer (mol%) fall within the range from about 75/25 to 20/80. More preferred is a polylactic acid wherein the 
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ratio of the D-isomer/L-isomer (mol%) falls within the range from about 60/40 to 25/75, with greater preference 

given to a polylactic acid wherein the ratio of the D-isomer/L-isomer (mol%) falls within the range from about 

55/45 to 25/75. The polylactic acid preferably has a weight-average molecular weight of about 1 ,500 to 30,000. 

More preferred is a polylactic acid wherein the weight-average molecular weight falls within the range from 
5 about 2,000 to 20,000, with greater preference given to a polylactic acid wherein the weight-average molecular 

weight falls within the range from about 3,000 to 15,000. Also, the dispersity of the polylactic acid is preferably 

about 1.2 to 4.0, more preferably about 1.5 to 3.5. 

For producing polylactic acid, two methods are known: ring-opening polymerization of lactide, a dimer of 

lactic acid, and dehydration polymerization condensation of lactic acid. For obtaining a polylactic acid of rela- 
10 tively low molecular weight for the present invention, direct dehydration polymerization condensation of lactic 

acid is preferred. This method is, for example, described in Japanese Patent Unexamined Publication No. 

28521/1986. 

The present glycol ic acid copolymer and polylactic acid are used over the mixing ratio range of, for example, 
from about 10/90 to 90/10 (% by weight), preferably from about 20/80 to 80/20, more preferably from about 
15 30/70 to 70/30. 

In the case of a copolymer of glycol ic acid and lactic acid, the content ratio (lactic acid/glycolic acid) (mol%) 
is preferably about 1 00/0 to 40/60, more preferably about 90/1 0 to 45/55. The weight-average molecular weight 
of the copolymer of glycolic acid and lactic acid is preferably about 4,000 to 25,000, more preferably about 5,000 
to 20,000. 

20 The dispersity of the copolymer of glycolic acid and lactic acid (weight-average molecular weight/number 

average molecular weight) is preferably from about 1.2 to 4.0, more preferably from about 1.5 to 3.5. The co- 
polymer of glycolic acid and lactic acid can be produced by a known method, such as the method described 
in Japanese Patent Unexamined Publication No.28521/1986. The copolymer is preferably produced by cata- 
lyst-free dehydration polymerization condensation. 

25 In the present invention, the al iphatic polyester produced by catalyst-free dehydration polymerization con- 

densation usually has a terminal carboxyl group. 

More preferably, the biodegradable polymer is an aliphatic polyester (e.g., a polymer, copolymer or mixture 
thereof produced from one or more a-hydroxycarboxylic acids such as glycolic acid, lactic acid and hydroxy- 
butyric acid, hydroxydicarboxylic acids such as malic acid, hydroxytricarboxylic acids such as citric acid, and 

30 others) as having a terminal carboxyl group. 

A biodegradable polymer having a terminal carboxyl group is a polymer in which the number-average mo- 
lecular weights by GPC determination and that by end-group determination almost agree. 

To quantitate terminal free carboxyl groups, about 1 to 3 g of the biodegradable polymer is dissolved in a 
mixed solvent of acetone (25 ml) and methanol (5 ml), and the solution is quickly titrated with a 0.05 N alcoholic 

35 solution of potassium hydroxide while stirring at room temperature with phenolphthalein as an indicator to de- 
termine the terminal carboxyl group content; the number-average molecular weight is calculated from the fol- 
lowing equation: 

Number-average molecular weight by end-group determination = 20,000 A/B 
where A is the weight mass (g) of the biodegradable polymer, and B is the amount (ml) of the 0.05 N 

40 alcoholic solution of potassium hydroxide added until the titration end point is reached. 

This value is hereinafter referred to as number-average molecular weight by end-group determination. 
For example, in the case of a polymer having a terminal carboxyl group, produced from one or more a- 
hydroxy acids by catalyst-free dehydration polymerization condensation, the number-average molecular 
weight by GPC determination and the number-average molecular weight by end-group determination almost 

45 agree with each other. On the other hand, in the case of a polymer having no terminal carboxyl groups and 
which is synthesized from a cyclic dimer by ring-opening polymerization using a catalyst, the number-average 
molecular weight by end-group determination is significantly higher than that by GPC determination. This dif- 
ference makes it possible to clearly differentiate a polynrter having a terminal carboxyl group from a polymer 
having no terminal carboxyl group. 

50 While the number-average molecular weight by end-group determination is an absolute value, that by GPC 

determination is a relative value that varies depending on various analytical conditions (e.g., kind of mobile 
phase, kind of column, reference substance, slice width, baseline etc.); it is therefore difficult to have an ab- 
solute numerical representation of the latter. However, the description that the number-average molecular 
weights by GPC determination and end-group determination "almost agree" here denotes that the latter falls 

55 within the range from about 0.5 to 2 times, preferably from about 0.8 to 1.5 times, the former. Also, the de- 
scription that the number-average molecular weight by end-group determination is "significantly higher" than 
the number-average molecular weight by GPC determination here denotes that the former is about 2 times or 
more greater than the latter. 
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In the present invention, preference is given to a polymer wherein the number-average molecular weights 
by GPC determination and by end-group determination almost agree. 

Regarding weight-average molecular weights and number-average molecular weights by GPC determi- 
nation, the present specification holds that the former is based on polystyrene obtained by gel permeation chro- 
5 matography (GPC) with 9 polystyrenes as reference substances with weight-average molecular weights of 
120,000, 52,000, 22,000, 9,200, 5,050, 2,950, 1,050, 580 and 162, respectively. Measurements were taken 
using a GPC column KF804Lx2 (produced by Showa Denko) and an Rl monitor L-3300 (produced by Hitachi, 
Ltd.). with chloroform as a mobile phase. 

The dispersity is calculated by the formula: (weight-average nrK>lecular weight/number-average molecular 
10 weight) 

The sustained-release preparation of the present invention can, for example, be produced from a w/o emul- 
sion with a solution containing an anti-endothelin substance as an internal aqueous phase and a solution con- 
taining a biodegradable polymer as an oil phase. This is achieved by known methods, including aqueous drying 
(in-water drying), phase separation, spray drying and modifications thereof. 

15 The solvent used in the oil phase for the above-mentioned methods is preferably an organic solvent which 

dissolves biodegradable polymers and which has a boiling point not higher than 120°C. Such solvents include 
halogenated hydrocarbons (e.g., dichloromethane, chloroform and carbon tetrachloride), alcohols (e.g., etha- 
nol and methanol) and acetonitrile. These may be used in combination. The solvent is preferably dichlorome- 
thane, acetonitrile or the like. 

20 When the anti-endothelin substance for the present invention has a carboxyl group, its water solubility is 

low because it is often acidic; to increase its pharmaceutical solubility, it is often used in the form of an organic 
or Inorganic salt. Such organic or Inorganic salts are preferably alkali metal salts (e.g., sodium salt and potas- 
sium salt), with preference given to sodium salt. In order to include a pharmacologically necessary amount of 
drug, it is necessary to prepare a solution of very high concentration, however, since the volume of the aqueous 

25 phase for preparing the above w/o emulsion is usually very small. In such case, when the drug is low in water 
solubility, though soluble in water, it can fail to be completely dissolved, resulting in uneven mixing in preparing 
the emulsion. By dissolving the anti-endothelin substance along with an organic basic substance, a uniform 
solution of the anti-endothelin substance can be prepared that is soluble in water but low in solubility. Also, 
the addition of an organic basic substance suppresses the usually rapid initial drug release from microcapsules 

30 produced using a biodegradable polymer, allowing sustained release of a given amount of drug over a given 
period of tinne. The organic basic substance Is preferably a basic amino acid, particularly arginlne, histldlne, 
lysine or the like. The organic basic substance is further exemplified by a peptide comprising two or more of 
basic amino acids such as arginyl-arginine. 

As for the content ratio of the organic basic substance, the weight ratio of the anti-endothelin substance 

35 to the organic basic substance is normally 1:1,000 to 1,000:1, preferably 1:100 to 100:1, and more preferably 
1:10 to 10:1. The weight ratio of the biodegradable polymer to the organic basic substance is normally 1,000:1 
to 5:1, preferably 500:1 to 10:1, and more preferably 100:1 to 10:1. 

In the process of producing sustained-release preparations, the addition of water-soluble polyvalent metal 
salts suppress the initial burst of drug, allowing sustained release of a given amount of drug over a given period 

40 of time and causing a high drug content. The water-soluble polyvalent metal salts may be any one, without 
limitation, as long as it is soluble in water and does not adversely affect the living body. 

The water-soluble polyvalent metal salts are preferably polyvalent metal salts whose water solubility at 
normal temperature (about 20°C) is over about 20 mg/ml, more preferably over about 100 mg/ml. 

Examples of water-soluble polyvalent metal salts are polyvalent metal salts with inorganic acids and that 

45 with organic acids. Polyvalent metals are exemplified by alkaline earth metal (e.g., calcium, magnesium), zinc 
(II), iron (II, III), copper (II), tin (II, IV) and aluminium (II, III). Inorganic acids are exemplified by hydrohalogenic 
acid (e.g., hydrochloric acid, hydrobromic acid, hydroiodic acid, hydrofluoric acid), sulfuric acid, nitric acid and 
thiocyanic acid. Organic acids are exemplified by aliphatic carboxylic acid (e.g., acetic acid, glycolic acid, lactic 
acid, tartaric acid) and aromatic acid (e.g., benzoic acid, salycylic acid, phenolsulfonic acid). The water-soluble 

50 polyvalent metal salts are preferably water-soluble zinc salts. The water-soluble zinc salts are exemplified by 
inorganic acid zinc salts such as zinc halogenide (e.g., zinc chloride, zinc bromide, zinc iodide, zinc fluoride), 
zinc sulfate, zinc nitrate and zinc thiocyanate and organic acid zinc salts such as aliphatic carboxylic acid zinc 
salts (e.g., zinc acetate, zinc glycolate, zinc lactate, zinc tartrate) and aromatic acid zinc salts (e.g., zinc ben- 
zoate, zinc salicylate, zinc phenolsulfate). The water-soluble zinc salts are preferably aliphatic carboxylic acid 

55 zinc salts, with greater preference given to zinc acetate. 

As for the content ratio of the water-soluble polyvalent metal salts, the weight ratio of the anti-endothelin 
substance to the water-soluble polyvalent metal salts Is preferably 1 :1 00 to 1 00:1 , more preferably 1 : 1 0 to 1 0:1 . 
The weight ratio of the biodegradable polymer to the water-soluble polyvalent metal salts is preferably 1 ,000:1 
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to 1:1, more preferably 100:1 to 2:1. 

In the present invention, the anti-endothelin substance may be dissolved or suspended directly in an or- 
ganic solvent solution of the biodegradable polymer. The anti-endothelin substance may be soluble or insoluble 
In the organic solvent. The anti-endothelin substance is sometimes soluble in the solution of the biodegradable 

5 polymer in the organic solvent, even when the anti-endothelin substance is insoluble in the organic solvent. 
Any organic solvent is acceptable, as long as it is substantially immiscible with water and dissolves the biode- 
gradable polymer, and the resulting polymer solution dissolves the anti-endothelin substance. The organic sol- 
vent preferably has a water solubility not higher than 3% at normal temperature (20°C). Also, the boiling point 
of the organic solvent is preferably not higher than 120''C. Example organic solvents include halogenated hy- 

10 drocarbons (e.g., dichloromethane, chloroform, chloroethane, trichloroethane and carbon tetrachloride), 
ethers (e.g., isopropyl ether), fatty acid esters (e.g., butyl acetate) and aromatic hydrocarbons (e.g., benzene, 
toluene and xylene). These may be used in combination in appropriate ratios. The organic solvent is preferably 
dichloromethane. Dissolution of the anti-endothelin substance means that no anti-endothelin substance re- 
mains undissolved in the resulting solution, as examined by macroscopic observation at normal temperature 

15 (20°C). 

The sustained-release preparation of the present invention is preferably produced by, for example, the 
method of microcapsulation (or modification thereof) based on aqueous drying or phase separation as descri- 
bed below. 

20 (i) Aqueous drying method (w/o/w method) 

An anti-endothelin substance is dissolved in water. The anti-endothelin substance concentration in the 
aqueous solution is, for example, about 0.1 to 500% (w/v), preferably about 1 to 400% (w/v), and more prefer- 
ably about 10 to 300% (w/v). To the aqueous solution, an organic basic substance, preferably a basic amino 

25 acid (e.g., arginine) or a peptide comprising two or more of basic amino acids (e.g.,- arginyl-arginine) may be 
added. The concentration of the organic basic substance used for this purpose in the aqueous solution is about 
0.01 to 500% (w/v), preferably about 0.1 to 400% (w/v), and more preferably about 1 to 300% (w/v). To the 
aqueous solution, water-soluble polyvalent metals may be added in the same manneras the organic basic sub- 
stance. To the aqueous solution may be added pH regulators (e.g., acetic acid, hydrochloric acid and sodium 

30 hydroxide), stabilizers (e.g., serum albumin and gelatin), preservatives (paraoxybenzoic acids) and other ad- 
ditives. The aqueous solution thus obtained is emulsified and dispersed in an organic solvent solution of a bio- 
degradable polymer or copolymer synthesized from a-hydroxycarboxylic acid to yield a w/o emulsion. Although 
the biodegradable polymer concentration in the organic solvent solution varies depending on the molecular 
weight of the biodegradable polymer and the kind of organic solvent, it is selected over the range from about 

35 0.01 to 80% (w/w), preferably about 0.1 to 70% (w/w), and more preferably about 1 to 60% (w/w). 

The ratio of the aqueous solution and the organic solvent solution of the biodegradable polymer is normally 
1:1,000 (v/v) to 1:1 (v/v), preferably 1:100 (v/v) to 1:5 (v/v), and more preferably 1:50 (v/v) to 1:5 (v/v). This 
emulsification is achieved by Icnown methods of dispersion using a turbine type mechanical stirrer, homoge- 
nizer etc. 

40 The w/o emulsion thus prepared is added to an aqueous phase to form a w/o/w emulsion, followed by evap- 

oration of the solvent in the oil phase, to yield microcapsules. The volume of the aqueous phase is chosen 
over the range normally from about 1 to 10,000 times, preferably from about 2 to 5,000 times, and more pre- 
ferably from about 5 to 2,000 times the volume of the oil phase. 

In addition to the above additives, an emuisif ier may be added to the aqueous phase. The emulsif ier may 

45 be any one, as long as it is capable of forming a stable o/w emulsion. Examples of such emulsif iers include 
anionic surfactants, nonionic surfactants, polyoxyethylene castor oil derivatives, polyvinylpyrrolidone, polyvi- 
nyl alcohol, carboxymethyl cellulose, lecithin, gelatin and hyaluronic acid. These may be used singly or in com- 
bination. The concentration of emulsif ier used may be chosen as appropriate over the range normally from 
about 0.001 to 20% (w/w), preferably from about 0.01 to 10% (w/w), and more preferably from about 0.05 to 

50 5% (w/w). 

The microcapsules thus obtained are collected by centrifugation or filtration, after which they are repeat- 
edly washed with distilled water in several cycles to remove the free anti-endothelin su bstance, emulsif ier etc. 
adhering to the microcapsule surface, again dispersed in distilled water etc. and then lyophilized. Where nec- 
essary, the microcapsules are heated under reduced pressure to further remove the water and organic solvent. 
55 Preferably, this removal is carried out at a heating rate of 1 0 to 20''C per minute at a temperature higher by at 
least 5°C than the intermediate glass transition point of the biodegradable polymer, as determined using a dif- 
ferential scanning calorimeter, usually within 1 weel<s or 2 or 3 days, more preferably within 24 hours, after 
the microcapsules have reached a given temperature. 
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(ii) Aqueous drying method (o/w method) 

An anti-endothelin substance is added to an organic solvent solution of a biodegradable polymer to a ratio 
by weight as defined above, to prepare an organic solvent solution or suspension containing both the anti- 

5 endothelin substance and the biodegradable polymer. In this operation, the biodegradable polymer concen- 
tration in the organic solvent solution varies depending on the molecular weight of the biodegradable polymer 
and the kind ofthe organic solvent, it is chosen overthe range normally from about 0.01 to80%(w/w), preferably 
from about 0.1 to 70% (w/w), and more preferably from about 1 to 60% (w/w). To the organic solvent solution 
or suspension, water-soluble polyvalent salts may added. 

10 The organic solvent solution or suspension thus prepared is added to an aqueous phase to form an o/w 

emulsion, followed by evaporation of the solvent in the oil phase, to yield microcapsules. The volume ofthe 
aqueous phase is chosen over the range normally from about 1 to 10,000 times, preferably from about 2 to 
5,000 times, and more preferably from about 5 to 2,000 times the volume ofthe oil phase. 

In addition to the above additives, an emulsif ier may be added to the aqueous phase. The emulsif ier may 

15 be any one, as long as it is capable of forming a stable o/w emulsion. Examples of such emulsif iers include 
anionic surfactants, nonionic surfactants, polyoxyethylene castor oil derivatives, polyvinylpyrrolidone, polyvi- 
nyl alcohol, carboxymethyl cellulose, lecithin, gelatin and hyaluronic acid. These may be used singly or in com- 
bination. The concentration ofthe emulsif ier used may be chosen as appropriate over the range normally from 
about 0.001 to 20% (w/w), preferably from about 0.01 to 10% (w/w), and more preferably from about 0.05 to 

20 5% (w/w). 

The microcapsules thus obtained are collected by centrifugation or filtration, after which they are repeat- 
edly washed with distilled water in several cycles to remove the free anti-endothelin substance, emulsif ier etc. 
adhering to the microcapsule surface, and again dispersed in distilled water etc. and then lyophilized. Where 
necessary, the microcapsules are then heated under reduced pressure to further remove water and organic 
25 solvent. Preferably, this removal is achieved at a heating rate of 1 0 to 20°C per minute at a temperature higher 
by at least 5°C than the intermediate glass transition point of the biodegradable polymer, as determined using 
a differential scanning calorimeter, usually within 1 weeks or 2 or 3 days, more preferably within 24 hours after 
the microcapsules have reached a given temperature. 

30 (iil) Phase separation method 

In producing microcapsules by the phase separation method, a coacervating agent is gradually added to 
the above-described w/o emulsion or organic solvent solution during stirring, to separate and solidify the bio- 
degradable polymer. The coacervating agent is added in an amount by volume about 0.01 to 1 ,000 times, pre- 
35 ferably about 0.05 to 500 times, and more preferably about 0.1 to 200 times the volume of the w/o emulsion 
or organic solvent solution. 

Any coacervating agent is acceptable, as long as it is a polymer, mineral oil or vegetable oil compound 
that is miscible in the solvent for the biodegradable polymer and which does not dissolve the polymer. Example 
coacervating agents include silicon oil, sesame oil, soybean oil, corn oil, cotton seed oil, coconut oil, linseed 
40 oil, mineral oil, n-hexane and n-heptane. These may be used in combination. 

The microcapsules thus obtained are collected by filtration, after which they are repeatedly washed with 
heptane etc. to remove the coacervating agent. The free drug and solvent are removed in the same manner 
as in the aqueous drying method. 

Solvent removal can be achieved by known methods, including the method in which the solvent is evapo- 
45 rated under normal or gradually reduced pressure during stirring using a propeller stirrer or magnetic stirrer, 
and the method in which the solvent is evaporated while adjusting the degree of vacuum using a rotary evap- 
orator etc. 

In production by the aqueous drying method or coacervation method, an antif locculant may be added to 
prevent grain flocculation. The antiflocculant is exemplified by water-soluble polysaccharides such as man- 
so nitol, lactose, glucose and starches (e.g., corn starch), proteins such as glycine, fibrin and collagen and inor- 
ganic salts such as sodium chloride and sodium hydrogen phosphate. 

In producing microcapsules by the spray drying method, a w/o emulsion or organic solvent solution con- 
taining the above-described anti-endothelin substance and biodegradable polymer is sprayed via a nozzle into 
the drying chamber of a spray drier to volatilize the organic solvent in the fine droplets in a very short time to 
55 yield fine microcapsules. The nozzle is exemplified by the double-fluid nozzle, pressure nozzle and rotary disc 
nozzle. Where desired, to prevent microcapsule flocculation, an aqueous solution ofthe above-described an- 
tiflocculant may be effectively sprayed via another nozzle simultaneously with spraying of the w/o emulsion 
or organic solvent solution containing the anti-endothelin substance and biodegradable polymer. 
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The microcapsules thus obtained may have their water and organic solvent removed at increased temper- 
ature under reduced pressure as necessary. 

The above-described microcapsules can be administered as such or in the form of various dosage forms 
of non-oral preparations (e.g., intramuscular, subcutaneous or visceral injections or indwellable preparations, 
5 nasal, rectal or uterine transmucosal preparations) or oral preparations (e.g., capsules such as hard capsules 
and soft capsules), or solid preparations such as granules and powders or liquid preparations such as syrups, 
emulsions and suspensions. 

In addition to the above-described dosage forms of microcapsules, the w/o emulsion or organic solvent 
solution containing an anti-endothelin substance and biodegradable polymer can be shaped in rods, needles, 
10 pellets, films and other forms and administered as intramuscular, subcutaneous or visceral injections or in- 
dwellable preparations, nasal, rectal or uterine transmucosal preparations, oral preparations (e.g., capsules 
such as hard capsules and soft capsules), solid preparations such as granules and powders, and liquid prep- 
arations such as syrups, emulsions and suspensions. 

The injectable preparation of the present invention can be produced by known methods. The injectable 
15 preparation is produced by, for example, suspending the above-described sustained-release preparation of mi- 
crocapsules etc. in water, along with a dispersing agent (e.g., surfactants such as Tween 80 and HCO-60, and 
polysaccharides such as carboxymethyl cellulose and sodium alginate), a preservative (e.g., methyl paraben 
and propyl paraben), an isotonizing agent (e.g., sodium chloride, mannitol, sorbitol and glucose), to yield an 
aqueous suspension, or by dispersion in a vegetable oil such as sesame oil or corn oil or middle-chain fatty 
20 acid triglyceride (e.g., Migriol 81 2) to yield an oily suspension. The particle size of the sustained-release prep- 
aration is chosen over the range from about 0.1 to 300 jxm, for instance, as long as the requirements concerning 
the degree of dispersion and needle passage are met, when the sustained-release preparation Is used as an 
injectable suspension. Preferably, the particle size falls within the range from about 1 to 150 \xrr\, more prefer- 
ably from about 2 to 100 ^m. A sustained- release preparation can be prepared as a sterile preparation without 
25 limitation by the method in which the entire production process is sterile, the method in which a gamma ray is 
used as a sterilant, and the method in which an antiseptic is added. 

With low toxicity, the sustained-release preparation of the present invention can be safely used in mam- 
mals (e.g., humans, bovines, swines, dogs, cats, mice, rats and rabbits). 

The sustained-release preparation of the present invention is used to treat or prevent endothelin-associ- 
30 ated diseases, particularly chronic ones. Such diseases include cardiac/cerebral circulatory diseases, renal 
diseases, hypertension (e.g., pulmonary hypertension), asthma, inflammation, arthritis, hepatic cancer, cirrho- 
sis and chronic complications In diabetes mellitus. The sustained-release preparation of the present invention 
is used to treat or prevent arteriosclerosis, diabetic nephropathy, diabetic myocarditis and diabetic retinopathy, 
in particular. 

35 Varying depending on type, content and dosage form of the active ingredient anti-endothelin substance, 
duration of anti-endothelin substance release, target disease (e.g., diabetic nephropathy), subject animal and 
other factors, the dose of the sustained-release preparation may be set at levels such that the anti-endothelin 
substance is effective. The dose per administration of the active ingredient anti-endothelin substance is chosen 
as appropriate over the range from about 0.01 to 100 mg/kg body weight for each adult when the preparation 

40 is a 1 -month preparation. More preferably, the dose may be chosen as appropriate over the range from about 
0.05 to 50 mg/kg body weight. 

The dose per administration of the sustained-release preparation is chosen as appropriate over the range 
from about 0.1 to 1 ,000 mg/kg body weight for each adult. More preferably, the dose may be chosen as ap- 
propriate over the range from about 0.5 to 500 mg/kg body weight. Dosing frequency can be chosen as ap- 

45 propriate, e.g., once weekly, once every several weeks, once monthly or once every several months, depend- 
ing on type, content and dosage form of the active ingredient anti-endothelin substance, duration of anti- 
endothelin substance release, subject disease, subject animal and other factors. 

The preparation of the present invention may be used in combination with other drugs, specifically con- 
ventional therapeutic drugs for diabetic nephropathy, such as hypotensive drugs. Although the preparation of 

50 the present invention may be stored at normal temperatures or cold places, it is preferable to store it at a cold 
place. Normal temperatures and cold places mentioned herein are as defined by the Pharmacopoeia of Japan. 

The present invention is hereinafter described in more detail by means of the following working examples 
and experimental examples, which are not to be construed as limitative. 

55 Reference Example 1 

Synthesis of cyclo[-D-Asp-Asp(B7)-Asp-D-yMeLeu-Leu-D-Trp-] disodlum salt 

4.4 g of cyclo[-D-Asp-Asp(B7)-Asp-D-yMeLeu-Leu-D-Trp-] (hereinafter referred to briefly as peptide B) 
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10 



was dissolved in 50 ml of methanol and concentrated. The concentrate was again dissolved in 50 ml of me- 
thanol and subjected to ice cooling. To thus obtained solution 0.1 N NaOH solution (46.4 ml) was added drop- 
wise, and the pH of the solution was adjusted to 7-8 by further addition of 0.1 N NaOH solution. The resulting 
solution was concentrated. The concentrate was lyophilized afteraddltion of distilled water. Peptide B disodium 
salt (Yield 4.5 g) 



Elemental analysis: As 






C47H6iN9OiiNa2CF3CO2Na.0.5CH3CO2Na.3H2O 


Calculated: 


C, 49.18; 


H, 5.65; 


N, 10.32 


Found: 


C, 49.08; 


H, 5.50; 


N. 10.33 
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Example 1 

51 mg of the disodium salt of the cyclic peptide 
cyclo[-D-Asp-Asp(R1')-Asp-D-Thg(2)-Leu-D-Trp-] 
wherein Asp represents aspartic acid; Asp(RI') represents aspartic acid p-4-phenylpiperazinamide; Thg(2) 
represents 2-thienylglycine; Leu represents leucine; Trp represents tryptophan, described in European Patent 
Publication No. 528312 and 49 mg of L-arginine (Wako Pure Chemical) were dissolved in 300 ul of distilled 
water. This solution was added to a solution of 1 .92 g of a lactic acid-glycolic acid copolymer (lactic acid/glycolic 
acid = 75/25 mol%, GPC weight-average molecular weight 14,000, GPC number-average molecular weight 
2,000, number-average molecular weight by end-group determination 2,200, produced by Wako Pure Chemical 
Industry, Lot No. 920729) in 2 ml of dichloromethane, and the mixture was stirred using a homogenizer (Poly- 
tron) to yield a w/o emulsion. After cooling to WC, the emulsion was injected to 1,000 ml of a 0.1% (w/w) aqu- 
eous solution of polyvinyl alcohol (EG-40, produced by The Nippon Synthetic Chemical Industry, Co., Ltd.), 
previously adjusted to 16°C, followed by stirring in a turbine homomixerat 7,000 rpm to yield a w/o/w emulsion, 
which was then stirred at room temperature for 3 hours to volatilize the dichloromethane and solidify the oil 
phase, which was then collected via centrifugation at 2,000 rpm using a centrifuge (05PR-22, Hitachi, Ltd.). 
The precipitate was again dispersed in distilled water, centhfuged and washed to remove the free drug etc. 
After the collected microcapsules were re-dispersed in a small amount of distilled water, 0.3 g of D-mannitol 
was added, and the dispersion was lyophilized to yield powdery microcapsules. 
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Example 2 

About 39 mg of microcapsules as obtained in Example 1 was dispersed in 1.95 ml of a dispersant for in- 
jection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
mannitol, all dissolved therein) to yield an injectable preparation. 

Example 3 



45 



50 



55 



3.6 g of lactic acid-glycolic acid copolymer (lactic acid/glycolic acid=75/25 mol %, GPC weight-average 
molecular weight 15,038, GPC number-average molecular weight 5,195, produced by Wako Pure Chemical 
Industry) was dissolved in 6.6 g (5 ml) of dichloromethane. To this solution was added a solution of peptide A 
disodium salt (250 mg) and L-arginine (1 00 mg) in 0.5 ml of distilled water, and the mixture was stirred for about 
30 seconds using a homogenizer (Polytron) to yield a w/o emulsion. The emulsion was injected to 800 ml of a 
0.1 % (w/w) aqueous solution of polyvinyl alcohol (EG-40, produced by The Nippon Synthetic Chemical Indus- 
try, Co., Ltd.), previously adjusted to 18°C, followed by stirring in a turbine homomixerat 6,000 rpm to yield a 
w/o/w emulsion, which was then stirred at a room temperature for 3 hours to volatile the dichloromethane and 
solidify the oil phase, which was then collected via centrifugation at 2,000 rpm using a centrifuge (05PR-22, 
Hitachi, Ltd.). The precipitate was again dispersed in distilled water, centhfuged and washed to remove the 
free drug etc. After 100 mg of D-mannitol was added to the collected microcapsules, the microcapsules were 
re-dispersed in a small amount of distilled water, and the dispersion was lyophilized to yield powdery micro- 
capsules. 

The microcapsules thus obtained were homogenized and extracted in 0.1 M ammonium acetate solution 
containing 30% (v/v) acetonitrile for 3 hours, and then assayed by HPLC (high performance liquid chromatog- 
raphy). 
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As the result, the content of peptide Adisodium salt was 5.2 mg per 100 mg of microcapsules. 
Example 4 

5 Powdery microcapsules were obtained In the same manner as Example 3, except that L-arglnyl-arginine 

(Kokusan Chemical Works Ltd.) was substituted for L-arglnlne. 

The content of peptide Adisodium salt was 7.4 mg per 100 mg of microcapsules. 

Example 5 

10 

Synthesis of cyclo[-D-Asp(OC2H5)-Asp(R1')-Asp(OC2H5)-D-Thg(2)-Leu-D-Trp-] 

1 0 ml of ethanol was cooled to -10°C in a dry ice-acetone bath, and 2.6 ml of thionyl chloride was added 
In a small amount. After 5 minutes, 1.0 g of peptide A disodium salt was added to the mixture and stirred at 
room temperature. After 2 hours, ethanol and excess thionyl chloride was removed under reduced pressure 
15 to give an oily substance. The oily substance was dissolved in a small amount of ethanol, and again the solvent 
was removed under reduced pressure. This operation was repeated three times and a small amount of die- 
thyletherwas added to give 1.05 g of titled compound. The result of analysis of peptide A diethylester was de- 
scribed below. 

1) Mass spectrometry (LSIMS method): 
20 [M + H] = 984 (theoretical value = 984) 

[M + Na] ^ = 1 ,006 (theoretical value = 1 ,006) 

2) 





Elemental analysis: As C49HeiN90iiS-2NaC1-2H20 HCI 


25 


Calculated: 


C, 50.20; 


H, 5.67; 


N, 10.75 




Found: 


C, 50.35; 


H, 5.75; 


N, 10.81 



Example 6 

0.5 g of lactic acid-glycolic acid copolymer (lactic acid/glycolic acid=50/50 ml %, GPC weight-average mo- 
lecular weight 5,900, GPC number-average molecular weight 2,600, produced by Wako Pure Chemical Indus- 
try) was dissolved in 6.6 g (5 ml) of dichloromethane. To this solution was added 0.15gof peptide A diethylester 
which was obtained in Example 5, and the mixture was stirred for about 30 seconds using a homogenizer (Poly- 
tron) to yield a s/o emulsion. The emulsion was injected to 400 ml of a 0.1 % (wAw) aqueous solution of polyvinyl 
alcohol (EG-40, produced by The Nippon Synthetic Chemical Industry, Co., Ltd.), previously adjusted to 18**C, 
followed by stirring in a turbine homomixer at 6,000 rpm to yield a s/o/w emulsion, which was then stirred at a 
room temperature for 3 hours to volatile the dichloromethane and solidify the oil phase, which was then col- 
lected via centrifugation at 2,000 rpm using a centrifuge (05PR-22, Hitachi, Ltd.). The precipitate was again 
dispersed in distilled water, centrifuged and washed to remove the free drug etc. After 50 mg of D-mannitol 
was added to the collected microcapsules, the microcapsules were re-dispersed in a small amount of distilled 
water, and the dispersion was lyophilized to yield powdery microcapsules. 

The microcapsules thus obtained were homogenized and extracted in 0.1 M phosphate buffered solution 
containing 50 % acetinltrlle for 3 hours, and then assayed by HPLC (high performance liquid chromatography). 

As the result, the content of peptide A diethylester was 25.2 mg per 100 mg of microcapsules. 

Example 7 

3.2 g of peptide A disodium salt and 7.28 g of zinc acetate di-hydrate were each dissolved in 160 ml of 
distilled water, and thus obtained two solutions were mixed together. This mixture was stayed at 4°C for a day, 
and then centrifuged at 3,000 rpm using a centrifuge (05PR-22, Hitachi, Ltd.). Thus obtained precipitate was 
again dispersed in distilled water, centrifuged and washed to remove the free drug etc. After small amount of 
distilled water was added to the collected precipitate to re-disperse the precipitate, the dispersion was lyophil- 
ized to yield a crude peptide A zinc salt as a 2.81 g of dried powder. 

The dried powder thus obtained were homogenized and extracted in 50 mM EDTA solution containing 30 
% (v/v) acetonitrile for 3 hours, and then assayed by HPLC (high performance liquid chromatography). 
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As the result, the content of peptide A in dried powder was 80.7% (w/w). 
Example 8 

5 0.97 g of lactic acid-glycolic acid copolymer (lactic acid/glycolic acid= 75/25 mol %, GPC weight-average 

molecular weight 15,038, GPC number-average molecuar weight 5,195, produced by Wako Pure Chemical In- 
dustry) was dissolved in 13.2 g (10 ml) of dichloromethane. To this solution was added the crude peptide A 
zinc salt (300 mg) which was obtained in Example 7, and the mixture was stirred for about 30 seconds using 
a homogenizer (Polytron) to yield a s/o emulsion. The emulsion was injected to 400 ml of a 0.1 % (w/w) aqueous 

10 solution of polyvinyl alcohol (EG-40, produced by The Nippon Synthetic Chemical Industry, Co., Ltd.), previ- 
ously adjusted to 18°C, followed by stirring in a turbine homomixerat 6,000 rpm to yield a s/o/w emulsion, which 
was then stirred at a room temperature for 3 hours to volatile the dichloromethane and solidify the oil phase, 
which was then collected via centrif ugation at 2,000 rpm using a centrifuge (05PR-22, Hitachi, Ltd.). The pre- 
cipitate was again dispersed in distilled water, centrif uged and washed to remove the free drug etc. After 50 

15 mg of D-mannitol was added to the collected microcapsules, the microcapsules were re-dispersed in a small 
amount of distilled water, and the dispersion was lyophilized to yield powdery microcapsules. 

The microcapsules thus obtained were homogenized and extracted in 50 mM EDTA(ethylenediaminete- 
traacetic acid) solution containing 30% (v/v) acetonitrile for 3 hours, and then assayed by HPLC (high perfor- 
mance liquid chromatography). 

20 As the result, the content of a crude peptide A zinc salt in terms of peptide A disodium salt was 21 .2 mg 

per 100 mg of microcapsules. 

Example 9 

25 Powdery microcapsules were obtained in the same manner as Example 3, except that peptide B disodium 

salt was substituted for peptide A disodium salt. 

The content of peptide B disodium salt was 5.2 mg per 100 mg of microcapsules. 

Example 10 

30 

1.2 g of lactic acid-glycolic acid copolymer (lactic acid/glycolic acid= 75/25 mol %, GPC weight-average 
molecular weight 13,585, GPC number-average molecular weight 4,413, produced by Wako Pure Chemical 
Industry) was dissolved in 26.4 g (20 ml) of dichloromethane. To this solution was added a solution of peptide 
A disodium salt (400 mg) and zinc acetate dihydrate (400 mg) in 1.7 ml of distilled water, and the mixture was 

35 stirred for about 30 seconds using a homogenizer (Polytron) to yield a w/o emulsion. The emulsion was injected 
to 800 ml of a 0.1% (w/w) aqueous solution of polyvinyl alcohol (EG-40, produced by The Nippon Synthetic 
Chemical Industry, Co., Ltd.), previously adjusted to 1 8°C, followed by stirring in a turbine homomixer at 6,000 
rpm to yield a w/o/w emulsion, which was then stirred at a room temperature for 3 hours to volatile the dichloro- 
methane and solidify the oil phase, which was then collected via centrif ugation at 2,000 rpm using a centrifuge 

40 (05PR-22, Hitachi, Ltd.). The precipitate was again dispersed in distilled water, centrifuged and washed to re- 
move the free drug etc. After 50 mg of D-mannitol was added to the collected microcapsules, the microcapsules 
were re-dispersed in a small amount of distilled water, and the dispersion was lyophilized to yield powdery mi- 
crocapsules. 

The microcapsules thus obtained were homogenized and extracted in 50 mM EDTA solution containing 
45 30% (v/v) acetonitrile for 3 hours, and then assayed by HPLC (high performance liquid chromatography). 
As the result, the content of peptide Adisodium salt was 12 mg per 100 mg of microcapsules. 

Example 11 

50 1.4 g of lactic acid-glycolic acid copolymer (lactic acid/glycolic acid= 75/25 mol %, GPC weight-average 

molecular weight 13,585, GPC number-average molecular weight 4,413, produced by Wako Pure Chemical 
Industry) was dissolved in 6.6 g (5 ml) of dichloromethane. To this solution was added peptide Adisodium salt 
(437 mg) and zinc acetate di-hydrate (467 mg), and the mixture was stirred for about 30 seconds using a ho- 
mogenizer (Polytron) to yield a s/o emulsion. The emulsion was injected to 800 ml of a 0.1% (w/w) aqueous 

55 solution of polyvinyl alcohol (EG-40, produced by The Nippon Synthetic Chemical Industry, Co., Ltd.), previ- 
ously adjusted to 1 8°C, followed by stirring in a turbine homomixerat 6,000 rpm to yield a s/o/w emulsion, which 
was then stirred at a room temperature for 3 hours to volatile the dichloromethane and solidify the oil phase, 
which was then collected via centrif ugation at 2,000 rpm using a centrifuge (05PR-22, Hitachi, Ltd.). The pre- 
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cipitate was again dispersed in distilled water, centrif uged and washed to remove the free drug etc. After 50 
mg of D-mannitol was added to the collected microcapsules, the microcapsules were re-dispersed in a small 
amount of distilled water, and the dispersion was lyophilized to yield powdery microcapsules. 

The microcapsules thus obtained were homogenized and extracted in 50 mM EDTA solution containing 
5 30% (v/v) acetonitrile for 3 hours, and then assayed by HPLC (high performance liquid chromatography). 
As the result, the content of peptide Adisodium salt was 12.2 mg per 100 mg of microcapsules. 

Comparative Example 1 

10 Powdery microcapsules were obtained in the same manner as Example 3, except that peptide A disodium 

salt was not used. 

Comparative Example 2 

15 1 .6 g of peptide A disodium salt and 3.65 g of zinc acetate were each dissolved in 80 ml of distilled water, 

and thus obtained two solutions were mixed together. This mixture was centrifuged at 3,000 rpm using a cen- 
trifuge (05PR-22, Hitachi, Ltd.). Thus obtained precipitate was again dispersed in distilled water, centrifuged 
and washed to remove the free drug etc. After a small amount of distilled water was added to the collected 
precipitate to re-disperse the precipitate, the dispersion was lyophilized to yield a crude peptide Azinc salt as 

20 1 .23 g of a dried powder. 

Experimental Example 1 

An injectable preparation as obtained in Example 2 was subcutaneously administered to the back of 8- 
25 week-old male SD rats. After administration, rats were killed at given intervals and the microcapsules remain- 
ing at the administration site were taken out and assayed for drug content. This procedure was repeated to 
obtain the time course of drug release from the microcapsules given to the live body. The results are shown 
in Figure 1 . The drug content in the microcapsules given to the live body decreased over a period of 1 month 
or more, demonstrating that the anti-endothelin substance could be sustained in the live body. 

30 

Experimental Example 2 

About 100 mg of microcapsules as obtained in Example 1 were dispersed in 2.5 ml of a dispersant for in- 
jection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
35 mannitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 13- 
week-old male Wistar fatty rats. The male Wistar fatty rat, a line of rat which genetically develops obesity and 
hyperglycemia, is characterized by increased leakage of protein and albumin in urine with the development of 
hyperglycemia. The results of urinary protein and albumin assays in a control group receiving no microcapsules 
and an administration group receiving the microcapsule are given in Table 1 . 

40 

Table 1 



Urinary Albumin (mg/day,mean) 


Weeks after administratk)n 


0 


2 


4 


6 


8 


Control group 


9 




32 




37 


Administration group 


6 






18 




23 


Urinary Protein (mg/day,mean) 








Weeks after administration 


0 


2 




4 


6 


8 


Control group 


97 


98 


83 


112 


132 


Administration group 


98 


68 


68 


64 


92 



As seen in Table 1 , during the period of about 6 weeks after microcapsule administration, smaller amounts 
of protein and albumin were excreted in the urine, in comparison with the initial values and control values. These 
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results demonstrate that urinary protein and albumin excretion, a symptom of diabetic nephropathy, were sup- 
pressed during the period when the endothelin antagonist was sustained in the live body as shown in Exper- 
imental Example 1, suggesting the utility of the present invention as a therapy for diabetic nephropathy. 

5 Experimental Example 3 

About 190 mg of microcapsules as obtained in Example 3 were dispersed in 1 .5 ml of dispersant for injec- 
tion (distilled water containing 7.5 mg of carboxymethyl cellulose, 1 .5 mg of polysorbate 80 and 75 mg of man- 
nitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 8-week- 

10 old male Wistar fatty rats using 18 G needles (the dosage of peptide Adisodium salt per one rat was about 10 
mg). The same administration was conducted once a month for 3 months. As a control, microcapsules con- 
taining no peptide Adisodium salt as obtained in Comparative Example 1 were subcutaneously administered 
to the back of 8-week-old male Wistar fatty rats. 

At regular intervals after administration, excreted urine was sampled and urinary albumin was assayed. 

15 As seen in Table 2, 9 and 12 weeks after the administration, the urinary albumin excretion in an administration 
group receiving the microcapsules of Example 2 was suppressed, compared with that in a control group. 



Table 2 



Urinary Albumin (mg/day,mean) 


Weeks after administration 


0 


9 


12 


Control group 


2±1 


32±8 


45±10 


Administration group 


3±1 


17±4 


26±11 



Experimental Example 4 

30 6-week-old male Wistar rats anaesthetized with pentobarbital were innoculated with 25 mg of deoxycor- 

ticosterone after surgical removal of lefthand side kidney. The rats were allowed to drink 1% (w/v) of saline 
solution freely for 3 weeks. The microcapsules as obtained in Example 3 were dispersed in a dispersant for 
injection (2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of mannitol, all dissolved in 
0.5 ml of distilled water) to get 1 00 mg/ml of peptide A disodium salt in the resulting dispersion. The dispersion 

35 was subcutaneously administered to the back of the rats using 1 8 G needles (the dosage of peptide A disodium 
salt was 100 mg/kg). As a control, microcapsules containing no peptide A disodium salt as obtained in Com- 
parative Example 1 were subcutaneously administered to the back of 6-week-old male Wistar rats which were 
treated in the same manner. 

As the results, systolic pressure in an administration group receiving the microcapsules of Example 3 be- 

40 gan to decrease at one week after administration, and was kept lower by about 28 and 25 mmHg compared 
with that in a control group each until 2 and 4 weeks after administration. These results demonstrate that the 
sustained release of anti-endothelin substance makes it possible to keep blood pressure low. 

Experimental Example 5 

45 

5-week-old male Wistar rats surgically innoculated with Mini Osmotic Pump (Alzet Model 2002, produced 
by Alza) containing 45 mg of peptide Adisodium salt were subcutaneously administered with monocrotaline 
(100 mg/kg). The Mini Osmotic Pump were replaced after 2 weeks. The release rate of peptide A disodium 
salt from the Mini Osmotic Pump was 2.5 mg/rat/day, calculated from the remaining amount of peptide A dis- 

50 odium salt in the removed Mini Osmotic Pump. As a control, Mini Osmotic Pump containing no peptide A dis- 
odium salt were surgically innoculated in 5-week-old male Wistar rats, and the rats were treated in the same 
manner. At 4 weeks after monocrotaline administration, chests of the rats anaesthetized with pentobarbital 
were surgically opened under artificial respiration, and the pressure of right ventricles was monitored via an 
inserted catheter after a steady stae was achieved. 

55 As the results, in the group treated with peptide A disodium salt, elevation of right ventricle pressure was 

moderately suppressed (lower by 26 mmHg compared with a control group). In addition, hypertrophy of right 
ventricle was not significant (lower by 0.23 mg tissue/g body weight) compared with the control group. These 
results demonstrate that the sustained presence of endothelin antagonist in blood is effective enough to im- 
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prove the pathology of pulmonary hypertension, and that sustained release preparation of anti-endothelin sub- 
stance is useful in the treatment of pulmonary hypertension. 

Experimental Example 6 

5 

About 30 mg of the microcapsules as obtained in Example 6 were dispersed in 0.5 ml of a dispersant for 
injection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
mannitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 9- 
week-old SD rats using 20 G needles (the dosage of peptide A diethylester per one rat was about 12.6 mg). 
10 At regular intervals after administration, blood was gathered from rats tails and the concentration of peptide 
A diethylester in serum was assayed by El A (Enzyme immunoassay). As seen in Table 3 almost constant blood 
concentration was kept for 2 weeks. 



Table 3 



peptide A diethylester in serum (ng/ml) 


Days after administration 


1 


7 


4 


Administration group 


17.8 


19.7 


12.5 



Experimental Example 7 

About 50 mg of the microcapsules as obtained in Example 8 were dispersed in 0.5 ml of a dispersant for 
injection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
mannitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 6- 
week-old SD rats using 20 G needles (the dosage of a crude peptide A zinc salt per one rat was about 10 mg 
in terms of peptide A disodium salt). At regular intervals after administration, blood was gathered from rats 
tails and the concentration of peptide A in serum was assayed by EIA. The results are given in Table 4. The 
amount of a peptide A zinc salt in the table is calculated in terms of peptide A disodium salt. 



Table 4 



peptide A zinc salt in serum (ng/ml) 


Days after administration 


1 


7 


14 


21 


Administration group 


5.09 


6.50 


10.18 


11.23 



As seen in Table 4, an almost constant blood concentration was kept for 3 weeks in an administration group 
receiving the preparation of Example 7. As a control, a crude peptide A zinc salt as obtained in Comparative 
Example 2 was dispersed in the dispersant for injection and was subcutaneously administered to rats (the dos- 
age of a crude peptide A zinc salt per one rat was about 10 mg in terms of peptide A disodium salt), then peptide 
A in serum was decreased to be undetectable 3 days after the administration. 

Experimental Example 8 

About 70 mg of the microcapsules as obtained in Example 10 were dispersed in 0.5 ml of a dispersant for 
injection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
mannitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 6- 
week-old SD rats using 20 G needles (the dosage of peptide A disodium salt per one rat was about 1 0 mg). At 
regular intervals after administration, blood was gathered from rats tails and the concentration of peptide A 
disodium salt In serum was assayed by EIA. The results are given In Table 5. 



55 
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Table 5 



peptide Adisodium salt in serum (ng/ml) 


Days after administration 


1 


7 


14 


21 


Administration group 


11.12 


26.77 


8.37 


5.74 



As seen in Table 5, an almost constant blood concentration was kept for 2 weeks in an administration group 
receiving the preparation of Example 10. 

Experinnental Example 9 

About 70 mg of the microcapsules as obtained in Example 11 were dispersed in 0.5 ml of a dispersantfor 
injection (distilled water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg of polysorbate 80 and 25 mg of 
mannitol, all dissolved therein). The resulting dispersion was subcutaneously administered to the back of 6- 
week-old SD rats using 20 G needles (the dosage of peptide Adisodium salt per one rat was about 1 0 mg). At 
regular intervals after administration, blood was gathered from rats tails and the concentration of peptide A 
disodium salt in serum was assayed by EIA. The results are given in Table 6. 



Table 6 



peptide Adisodium salt in serum (ng/ml) 


Days after administration 


1 


7 


14 


Administration group 


5.79 


8.99 


10.91 



As seen in Table 6, an almost constant blood concentration was keptfor 2 weeks in an administration group 
receiving the preparation of Example 11. 
30 The sustained-release preparation of the present invention sustainedly releases an anti-endothelin sub- 

stance, serving well in the treatment of endothel in-associated diseases, particularly chronic complications in 
diabetes mellitus. 

[Brief description of the drawings] 

35 

Figure 1 shows the changes over time in percent drug retention in microcapsules of a sustained-release 
preparation given to rats, obtained at the site of administration in Experimental Example 1. 



40 Claims 

1 . A sustained-release preparation which comprises an anti-endothelin substance and a biodegradable poly- 
mer. 

45 2. The sustained-release preparation according to claim 1 , wherein the anti-endothelin substance is an en- 
dothelin antagonist. 

3. The sustained-release preparation according to claim 2, wherein the endothelin antagonist is a peptide. 

4. The sustained-release preparation according to claim 2, wherein the endothelin antagonist is a peptide 
of the general formula: 

L A-X-Y-B-C-E J 

wherein X and Y independently represent an a-amino acid residue; A represents a D-acidic-a-amino acid 
residue; B represents a neutral-a-amino acid residue; C represents an L-a-amino acid residue; E repre- 
sents a D-a-amino acid residue having an aromatic cyclic group, or an ester thereof, or a salt thereof. 
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5. The sustained-release preparation according to claim 4, wherein the peptide is a compound of the formula 
cyclo[-D-Asp-Asp(R1')-Asp-D-Thg(2)-Leu-D-Trp-] wherein Asp represents aspartic acid; Asp(R1') repre- 
sents aspartic acid p-4-phenylpiperazinamide; Thg(2) represents 2-thienylglycine; Leu represents leu- 
cine; and Trp represents tryptophan. 

6. The sustained-release preparation according to claim 4, wherein A is a D-acidic-a-amino acid residue 
which is esterif led with an alkyi group. 

7. The sustained-release preparation according to claim 4, wherein Y is a L-acidic-a-amino acid residue. 

8. The sustained- release preparation according to claim 4, wherein Y is a L-acidic-a-amino acid residue 
which is esterif led with an alkyI group. 

9. The sustained-release preparation according to claim 4, wherein the peptide is a compound of the formula, 
cyclo-[-D-Asp(OC2H5)-Asp(R1')-Asp(OC2H5)-D-Thg(2)-Leu-D-Trp-] wherein Asp represents aspartic 
acid; Asp(R1') represents aspartic acid p-4-phenylpiperazinamide; Thg(2) represents 2-thienylglycine; 
Leu represents leucine; and Trp represents tryptophan. 

10. The sustained-release preparation according to claim 4, wherein the salt is a polyvalent metal salt. 

11. The sustained-release preparation according to claim 10, wherein the polyvalent metal salt is a zinc salt. 

12. The sustained-release preparation according to claim 1 , wherein the biodegradable polymer is an aliphatic 
polyester. 

13. The sustained-release preparation according to claim 12, wherein the aliphatic polyester is a copolymer 

of glycolic acid and lactic acid. 

14. The sustained-release preparation according to claim 13, wherein the copolymer has a weight-average 
molecular weight of about 2,000 to 50,000, as determined by Gel Permeation Chromatography. 

1 5. The sustained-release preparation according to claim 1 3, wherein the copolymer has a dispersity of about 
0.2 to 4.0. 

16. The sustained-release preparation according to daim 1, which further comprises an organic basic sub- 
stance. 

1 7. The sustained-release preparation according to claim 1 , which further comprises a water-soluble polyva- 
lent metal salt. 

18. The sustained-release preparation according to claim 1 for treatment of diseases caused by endothelin. 

19. The sustained-release preparation according to claim 18, wherein the diseases are chronic diseases. 

20. The sustained-release preparation according to claim 1 9, wherein the chronic diseases are chronic com- 
plications in diabetes mellitus. 

21. The sustained-release preparation according to claim 20, wherein the chronic complications are diabetic 
nephropathy. 

22. An injectable preparation which comprises the sustained-release preparation as claimed in claim 1. 

23. A peptide of the general formula: 



wherein X and Y Independently represent an a-amino acid residue; A' represents a D-acidic-a-amino acid 
residue which is esterif led with an alkyI group; B represents a neutral-a-aminoacid residue; C represents 
an L-a-amino acid residue; E represents a D-a-amino acid residue having an aromatic cyclic group, or a 
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salt thereof. 

24. The peptide according to claim 23, wherein X is an L-isomer. 

25. The peptide according to claim 23, wherein Y is an L-isomer. 

26. The peptide according to daim 23, wherein A is D-glutamic acid or D-aspartic acid which is esterif ied with 
an alkyi group. 

27. The peptide according to claim 23, wherein B Is an D-isomer. 

28. The peptide according to claim 23, wherein B is selected from the group consisting of D-leucine, D-alloi- 
soleucine, D-tertiary leucine, D-gamma methyl leucine, D-phenylglycine, D-2-thienylglycine, D-3-thienyl- 
glycine, D-2-cyclopentylglycine, D-phenylalanine, D-2-thienylalanine, D-valine, D-2-furylglycine and D- 
3-furylglycine residues. 

29. The peptide according to claim 23, wherein C is selected from the group consisting of L-leucine, L-phe- 
nylalanine and L-tryptophan residues. 

30. The peptide according to claim 23, wherein E is selected from the group consisting of D-tryptophan or 
derivatives thereof, D-1-naphthylalanine, D-2-naphthylalanine, D-benzothienylalanine, D-4-bisphenylala- 
nine and D-pentamethyl phenylalanine residues. 

31. The peptide according to claim 23, wherein Y is an a-amino acid residue having a carboxyl group which 
is esterif ied with an alkyI group. 

32. A peptide of the formula: cyclo-[-D-Asp(OC2H5)-Asp(R1')-Asp(OC2H5)-D-Thg(2)-Leu-D-Trp-], wherein 
Asp represents aspartic acid; Asp(R1') represents aspartic acid p-4-phenylpiperazinamide; Thg(2) rep- 
resents 2-thienylglycine; Leu represents leucine; and Trp represents tryptophan, or a salt thereof. 

33. A zinc salt of a peptide represented by the general formula: 



wherein X and Y independently represent an a-amino acid residue; A represents a D-acldic-a-amIno acid 
residue; B represents a neutral-a-amino acid residue; C represents an L-a-amino acid residue; E repre- 
sents a D-a-amino acid residue having an aromatic cyclic group. 




31 



EP 0 647 449 A1 



Figure 1 
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